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Abstract. Using biosurfactants as biocontrol agents have received much attention for pest control and disease vectors. The research was
focused on identifying the species and genetic relationship of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in Baluran
National Park, East Java, Indonesia. Screening of biosurfactants by tested hemolytic activity, surface tension and emulsification
activities, detecting coding genes of biosurfactant biosynthesis, and testing the production of biosurfactants in various substrates were
conducted. The molecular identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method of
Bacillus sp. BK7.1 has a genetic similarity of 98.68% with B. subtilis subsp. inaquosorum strain BGSC 3A28. Screening showed positive
hemolytic activity results, reduced surface tension and increased emulsification activities, and produced biosurfactant in glucose,
glycerol, and molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding surfactin
biosynthesis, the potential bacteria to produce bioinsecticide compounds. Thus, the indigenous entomopathogenic B. subtilis BK7.1 can
be developed as environmentally friendly microbial bioinsecticides for pest control and disease vectors.

Keywords: Biosurfactant production, crop protection, entomopathogenic Bacillus subtilis BK7.1, hemolytic activity, srfAA-srfAD
gene.

Running Title: Biosurfactant production of Bacillus subtilis BK7.1

INTRODUCTION

Controlling insect pests and insect vectors with chemical insecticides is broadly used (Korrat et al. 2012, Safni et al.
2018). However, chemical insecticides have a negative impact on disease vector control and pest control because it causes
insect resistance (Silva et al. 2018). Biocontrol methods are obtainable to resolve these problems. Entomopathogens from
microorganisms act as natural enemies that can produce toxic metabolites towards insect pests and plants pathogen.
Biocontrol methods can be used as an alternative to fighting diseases transmitted by vector mosquitoes, plant pathogens,
and insect pests. This method does not cause pollution and is environmentally friendly (Thomas 2017).

Biocontrol agents using Bacillus strains are methods that have been widely developed because they are proven to be
environmentally friendly (Bergamasco et al. 2013, Syaharuddin et al. 2018). Group of bacteria, fungi and yeasts have
produced biosurfactants (Santos et al. 2018). Biosurfactants can be synthesized by several groups of microbes and can act
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as a substitute for non-biodegradable and non-environmentally friendly synthetic surfactants (Moro et al. 2018). The
biosurfactant produced by Bacillus is one of the entomopathogenic mechanisms that have caused the death of insects.
Biosurfactants are unique microbial metabolites that appear in biological action against plant pathogens and insect pests.

Biosurfactants have many interesting features, such as high levels of biodegradability and optimal activity under
extreme conditions (Banat et al. 2010, Kedher et al. 2017). Following previous study, B. subtilis, B. amyloliquefaciens, and
B, velezensis produces biosurfactant and efficient to be biocontrol agent against different targets (Geetha et al. 2010, Ghribi
et al. 2012, Revathi et al. 2013, Nafidiastri et al. 2021). Bacillus sp. is able to synthesize lipopeptide biosurfactants, such
as surfactin, fengicin, and iturin (Mongkolthanaruk 2012). Surfactin consists of 7 amino acids bonded to a carboxyl group
and a fatty acid hydroxyl group at carbon atoms number 12-16, synthesized by a complex mechanism, catalyzed by
Nonribosomal Peptide Synthetase (NRPS) and encoded by the srfA operon. Surfactin can suppress plant diseases through
strong biosurfactant activity (Cawoy et al. 2014) by inhibiting bacterial growth, lysing cell membranes or destroying them
through physicochemical interactions (Deleu et al. 2013), suppressing fungi by promoting colonization of beneficial
bacteria (Jia et al. 2015), and trigger systemic resistance (Cawoy et al. 2014). Biosurfactants have been applied in various
industrial and petroleum fields (Nwaguma et al. 2016, Pele et al. 2019, Gomaa et al. 2019). Biosurfactants are lower in
toxicity, more biodegradable and environmentally friendly, harmless, and work more specifically (De Almeida et al. 2016,
Chaves et al. 2018, Gayathiri et al. 2022). Biosurfactants are stable and efficient under unfavorable salinity, pH and
temperature often encountered in the petroleum industry (Silva et al. 2014). Biosurfactants can reduce surface and
interfacial tension, as well as suitable emulsifiers and dispersing agents and are widely used in the industrial sector
(Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus are still being carried out to find the safest way to control disease
vectors caused by mosquitoes. The results of screening tests for potential initial toxicity against A. aegypti larvae have
reported that 68 entomopathogenic Bacillus sp. has been isolated from 30 natural soil samples with potential status
variations from low to very high. In the affirmation test, there were three isolates coded BK7.1, BK7.2, and BK5.2, with
the highest entomopathogenic potential status, larval mortality rates at 48 hours of exposure were 93, 87 and 70%,
respectively (Salamun et al. 2020). Bacillus sp. BK5.2, a molecular identification, has been carried out, as B. thuringiensis
BK5.2 which produces entomopathogenic cry toxin (Salamun et al. 2021), during the identification of Bacillus sp. BK7.1
has been carried out through morphological and physiological characterization (Salamun et al. 2020). It is necessary to
carry out molecular identification and mechanism of action of Bacillus sp. BK7.1 as an entomopathogenic bacteria. In this
study, genetic characteristics were carried out to determine the species and the relationship of species in the phylogenetic
tree, detection of biosurfactant coding genes, screening of biosurfactant activities such as hemolytic activity, surface
tension, emulsification activity, and production on several substrates.

MATERIALS AND METHODS

Identification 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated according to the Thermo Scientific GeneJet Genomic DNA
Purification Kit, visualized under ultraviolet by electrophoresis, purity and concentration with a Thermo Scientific
Multiskan GO Microdroplet Spectrophotometer; purity was calculated by the ratio between the values of 260 nm and 280
nm in the DNA samples (Meena et al. 2020). Amplifying genomic DNA of Bacillus sp. BK7.1 utilized 16S rRNA primers
(27f and 1492r), examined by electrophoresis on 1% agarose gel followed by ethidium bromide (EtBr) dye and visualized
under ultraviolet light, then purified and sequenced. Amplicon result was then aligned and contigs were developed from
the sequences using the BioEdit Sequence Alignment Editor software for Windows. The 16S rRNA nucleotide sequence
was aligned with 16S rRNA gene sequences from other microorganisms published in GenBank. Genetic similarity was
determined to contig alignment and phylogenetic tree construction using the Program of Mega 7. The phylogenetic tree
was designed by inputting FASTASs from BLAST species (Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three methods, hemoalytic activity, surface tension value, and emulsification
activity. Hemolytic activity using blood agar media inoculated with Bacillus sp. BK7.1 by spots method and incubated for
two days at room temperature and zone of inhibition observed around the colony. Surface tension was measured with Du
Nouy Tensiometer, with 50% Tween 20 as a positive control and Nutrient Broth as a negative control. The decrease in the
surface tension value of 10 mN/m indicated the potential to produce biosurfactants. The emulsification activity was
measured by inserting a 2 mL supernatant fraction and kerosene in a test tube. This mixture was stirred on VVortex Mixer



for 1 minute, incubated for 24 hours at room temperature, and measured after the emulsion height was stable. The
percentage (%) of the emulsion layer height (cm) divided by the total solution height was calculated as the emulsion index
value (E24).

Detection srfAA and srfAD surfactin gene

Amplification of the srfAA and srfAD surfactin genes of Bacillus sp. BK7.1 using primers selected according to the
literature. Electrophoresis and visualization were performed under UV Transluminator. Forward primer F-5'
TCGGGACAGGAAGACATCAT 3' and reverse primer R-5' CCACTCAAACGGATAATCCTGA 3' for srfAA gene
(Chung et al. 2008). Forward primer F-5° ATGAGCCAACTCTTCAAATCATTTG 3’ and reverse primer R-5’
TCACGATTGAATGATTGGATGCT 3’ for srfAD gene. The amplicons were aligned and developed from the sequences
by the BioEdit Sequence Alignment Editor for Windows software. The nucleotide sequences are translated into a protein
to be formed. The translation of the nucleotide sequence aligned with BLASTp from the other Bacillus, which has been
published on GenBank.

Biosurfactant production
The biosurfactant production activity begins by providing synthetic mineral water (SMW), by dissolved one by one, 3 g
(NH4)2S04, 10 g NaCl, 0.2 g MgS04.7H20, 0.01 g CaCl2, 0.001 g MnS0O4.H20, 0.001 g H3BO3, 0.001 g ZnS0O4.7H20,
0.001 g CuSO4.5H20, 0.005 g CoCI2.6H20, and 0.001 g NaMo004.2H20 into 900 mL distilled water, respectively. The
elements phosphate and iron are made separately. The phosphate elements dissolved 5 g of KH2PO4 and 2 g of K2HPO4
into 50 mL of distilled water, while the iron element dissolved 0.0006 g of FeSO4.7H20 into 50 mL of distilled water,
respectively. The phosphate and iron elements were sterilized using an autoclave for 15-20 minutes at 121°C with 1 atm.
A 250 mL culture bottle was prepared to be filled with 86.4 mL of SMW and added 2% substrates (glucose, glycerol,
molasses) solution, was homogenized and ensured that the pH was 7.0. The culture vial was sterilized by autoclave for 15-
20 minutes at 121°C 1 atm. After sterilization, the culture was cooled at room temperature, then 4.8 mL of phosphate and
iron elements were added. Then each added 4% (4 mL) of bacterial culture with an absorbance value of 0.5 Optical Density
in 650 nm. The culture solution was incubated at room temperature for 96 hours with an agitation of 130 rpm. Every 24
hours, bacterial biomass, surface tension value, and emulsification activity against diesel and kerosene were measured until
96 hours incubation.

RESULTS AND DISCUSSION

Results

Identification of 16S rRNA gene

Purity and concentration of DNA genome of Bacillus sp. BK 7.1 obtained a 1.782 and a 31 ng/pL and after being confirmed
with agarose gel electrophoresis 1% in Fig. 1. Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA nucleotide
sequence, which similarity to Bacillus subtilis subsp. inaquosorum strain BGSC 3A28, homology level of 98.68% (Table
1).

2500 bp 2500 bp

1500 bp

1000 bp 1000 bp

500 bp 500 bp

100 bp 100 bp

Fig. 1 The electrophoresis results of DNA genome (a) and 16S rRNA gene (b) of Bacillus sp. BK7.1 on 1% agarose gel. Descriptions:
M 100 bp DNA marker, S sample, S1 sample of DNA genome, S2 sample of 16SrRNA gene

Table 1 The species of Bacillus sp. BK7.1 based on approach 16S rRNA gene with Basic Local Alignment Search Tools (BLAST)
program



No.  Species Accession No. E value %ID Query

Cover (%)
Bacillus subtilis subsp. inagquosorum
1 strain BGSC 3A28 NR_104873.1 0.0 98.68 99
2 Bacillus subtilis strain DSM 10 NR_027552.1 0.0 98.61 99
3 Bacillus subtilis strain JCM 1465 NR_113265.1 0.0 98.61 99

The phylogenetic analysis results where Bacillus sp. BK7.1 and some strain of known Bacillus are presented in Fig. 2.
The closest relative of Bacillus sp. BK7.1 is a strain of Bacillus subtilis strain SBMP4, and this grouping only shows the
closeness of the strains based on the similarity of the 16S rRNA sequence, and does not describe the ability to produce
biosurfactants, especially surfactin.

74 NE 118383 1 Baclus subtths stram SEMP4 165 nbosomal RITA partial sequence
N rrrrreron
12 L NR 1048731 Bacillus subttlis subsp. inacposotum strain BGSC 3423 163 ribosomal BITA partial sequence
NE. 1049191 Bacillus tequiensis strain 10b 163 ribosomal BIA partial sequence
NE. 112686, 1 Bacilus subtilis subsp. spizizend strain NBRC 101239 163 tibosomal BNA partial sequence
{N'R 113994 1 Bacilus vallismortis stramn NBRC 101236 165 tibosomal BITA partial seepence
NE 027552 1 Baclus subtths stram DSM 10 163 nbosomal RIA partial sequence
NE 112629 1 Bacilus subtths stram NERC 13719 163 nbosomal BIA partia sequence
NE 1152631 Bacdlus subtths stran JCM 1465 165 nbosomal BITA partial sequence
m {NR 112116.2 Bacilus subtths stram LAM 12115 163 nibosomal RNA complete sequence
ki NE 116017 1 Bacilus subtils stran BCR.C 10233 163 ribosomal RIVA partial sequence
,—N'R 102783.2 Bacilus subtils subsp. subtibs strain 168 163 rhosomal BITA cormplete sequence
7L NR 0750032 Bacilus velezensis strain FZB42 163 ribosomal RNA cotplete sequence
IR, 024370.1 Escherichiz col strain T 541 163 tbosomal RNA partial sequence | Owigroup

% 33

i

Fig. 2 Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli as
an outgroup species.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen in Fig. 3. The surface tension value of the supernatant fraction of
B. subtilis BK7.1 of 49.17 mN/m can be seen in Table 2. When compared with the surface tension value of the control in
the form of distilled water and the control media of Nutrient Broth (NB), the value of the culture supernatant of B. subtilis
BK7.1 experienced a decrease in surface tension value of 15.21 mN/m from the NB media control and 22.83 mN/m from
the distilled water control. The emulsification index value of the supernatant B. subtilis BK7.1 of 18.02%, which is left for
one hour while after 24 hours the emulsification index value becomes 25.53%, where it has decreased by 21.92% (Fig. 4).
The emulsification index value indicates the stability of the emulsion and lines that produce values above 50%.

Fig. 3 Screening biosurfactant using hemolytic activity in Bacillus subtilis BK7.1 on blood agar plate media. Descriptions: a isolate, b
clear zone around the colony, ¢ blood agar plate, R Replicates.
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Table 2. Value of surface tension (mN/m) of supernatant fraction of Bacillus subtilis BK7.1 on treatment variation

Treatment Surface Tension
Control of sterile water 72
Control of Nutrient Broth (NB) medium, room temperature, pH =7 64.38
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 hours), room temperature, pH = 8 49.17
A Surface tension of supernatant of Bacillus subtilis BK7.1 against sterile water 22.83

A Surface tension of supernatant of Bacillus subtilis BK7.1 against NB medium 15.21

Fig. 4 The emulsification activity of supernatant Bacillus subtilis BK7.1 on the kerosene substrate. Descriptions: a kerosene, b emulsion,
cisolate, (a) 1 hour of exposure, (b) 24 hours of exposure.

Detection srfAA and srfAD surfactin gene
The encoding gene of surfactin discovered sizes scale 201 bp, expected as srfAA gene, and 723 bp expected as srfAD gene

(Fig. 5). In Table 3 showed that the similarity results, which have a value of 91.04% because there are several differences

in amino acids possessed by B. subtilis BK 7.1 and other strains of B. subtilis. This can be caused by the presence of gene
diversity even in the same B. subtilis group.
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Fig. 5 The electrophoresis results of srfAD (a) and srfAA (b) surfactin gene amplification of Bacillus subtilis BK7.1. Description: M
100 bp DNA marker, SA sample of srfAA surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp

Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus subtilis
BK 7.1

. . . Query
0,
No. Protein Species Accession No. Evalue %ID < %)




surfactin non-ribosomal Bacillus subtilis

peptide synthetase srffAA  inaquosorum WP_060397903.1  9e-34  91.04 100

surfactin biosynthesis

thioesterase SITAD Bacillus subtilis group  WP_075750164.1 5e-178 99.17 99

Biosurfactant production
Biosurfactant productions of B. subtilis BK7.1 on glucose, glycerol, and molasses substrates can be detected through a
bacterial growth curve, surface tension value, and emulsification activity (Fig. 6). The growth activity of B. subtilis BK7.1
showed on various substrates in Fig. 6a. The isolates had grown well on SMW media with the addition of glucose, glycerol,
and molasses as substrates. On glucose substrate with up to 72 h incubation, isolates still showed an exponential phase,
and 96 h incubation entered the stationary phase, as well as on glycerol substrate. On molasses substrate, it still showed an
exponential phase until 96 h incubation.

The results showed that the emulsification activity of B. subtilis BK7.1 on the three substrates tended to increase up to
96 hours of incubation (Fig. 6bc), which proved that the isolate produced surfactin. On glucose substrate, the highest
emulsification activity occurred at 96 hours of incubation. Decreased in surface tension values are shown in Fig. 6d.

A=

Cells Density (0D, ,.)

w
=1

Emulsification Activity
(1 hour, in %)
t 8B
|
1
i

=
s =

b
0o -
B 70
E —60
o 5
: =50 r‘ —
g '5'40 / - - .
824
7
S Z2o
E 10
C
0 —E../
70
=
Too | Ml !
= r— _—J__J
£ 50 -
=
E 40
E o
by 0
% Glucose Glycerol Molasses
= 10 I |
p d
@ 0
0 24 48 72 96

Incubation Time (hours)

Fig. 6 Biosurfactant productions of Bacillus subtilis BK7.1 on glucose, glycerol, and molasses substrates, incubation period 0-, 24-, 48-
, 72-, 96-hours. Descriptions: a cells density, b emulsification activity (1 hour), ¢ emulsification activity (24 hours), d surface tension
value

Discussions

The electrophoresis results from 16S rRNA gene amplification of Bacillus sp. BK7.1 showed a band over 1500 bp in size
(Fig. 1). Based on molecular identification, Bacillus sp. BK7.1, which similarity to Bacillus subtilis subsp. inaquosorum
strain BGSC 3A28, homology level of 98.68%. The gene of 16S rRNA can be used for the identification of microorganisms
because it is one of the genes with specific characteristics (Pearson 2013). The 16S RNA gene sequencing is a fast and



accurate method for bacterial identification. Bacteria represent the same genus if they have a similarity index above 95%
and the same species above 97% (Johnson et al. 2019, Srinivasan et al. 2015). The similarity is less than 100% because
there are variations in amino acid sequences that affect the genotypic character but do not affect the phenotypic character
(Johnson et al. 2019).

Research conducted that B. subtilis strain SBMP4 can control pathogenic fungi such as Aspergillus and Fusarium in
early Arachis hypogea plants (Syed et al. 2020). Bacillus has adapted and grown in extreme environmental conditions,
forms endospores are resistant to stress, and has secreted various secondary metabolites such as surfactin (Shafi et al. 2017).
Another essential characteristic is the abundance of secondary metabolites and moderate dietary requirements with a fast
growth rate (Yadav et al. 2016, Mishra and Arora 2018). Surfactin produced by B. subtilis is one of the most effective
biosurfactants. Surfactin reduced the surface tension of water up to 27 mN/m, with a critical micelle concentration of 0.01
g/L and high emulsification activity and has shown antimicrobial, antiviral, and antitumor activity (Gudina et al. 2013,
Gudina et al. 2016).

Controlling insects can use biosurfactants introduced as an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain can kill adult mosquitoes (Geetha et al. 2012). The hemolytic activity
of B. subtilis BK7.1 can be seen in Fig. 3. The clear zone on the hemolytic activity test by biosurfactants has caused lysis
of the red blood cell membrane, and the cells secrete hemoglobin. The hemolytic activity occurs through two different
mechanisms, at a high concentration occur, cell membrane lysis, and at low concentrations increase, membrane
permeability to solutes it will causes osmotic lysis (Zaragosa et al. 2010). The inhibition zone formed in the observation of
hemolytic activity indicates a biosurfactant production process; the larger the lysis diameter of blood agar, the higher the
biosurfactant concentration (Singh 2012).

Bacteria can produce biosurfactants if they can reduce surface tension values by > 10 mN/m (Francy et al. 1991). The
surface and interfacial tension decrease is caused by the presence of hydrophobic and hydrophilic groups in the
biosurfactants, where these compounds can accumulate between the liquid phases (Kapadia and Yagnik 2013). The
entomopathogenic activity of biosurfactants against A. aegypti is caused by surfactin produced by B. subtilis. Surfactin
triggers the surface tension of the water, causing a lack of oxygen underwater. The concentration of O causes the larval
spiracles of A. aegypti to open so that it can cause the insect death. In addition, surfactin can be very active against pH,
temperature around 25-42°C, and UV stability, making it enjoyable to develop as a larvicidal agent (Geetha et al. 2010).

The emulsification index value of B. subtilis BK7.1 is a low category. Lipopeptides such as surfactin consist of
cycloheptapeptides with amino acids attached to fatty acids of a different chain. This chemical structure causes surfactin
to be amphiphilic and able to mix in both polar and non-polar solvents, while this amphiphilic structure allows surfactin to
form emulsions. The characteristics of surfactin are involved in cell attachment and cause membrane disruption
(Raaijmakers et al. 2010). The ability of surfactin to bind Ca?* causes a conformational change in the peptide cycle and
allows it to be incorporated into the phospholipid bilayer (Kedher et al. 2015, Kedher et al. 2017).

The emulsification activity of B. subtilis BK7.1 in 1-hour observation tends to decrease compared to 24 hours
observation. This difference has shown that the emulsion is unstable because the isolate produces biosurfactants which act
as active surface molecules only in decreasing surface tension. Based on molecular weight, biosurfactants have been
classified into low and high molecular weight biosurfactants. Low molecular weight biosurfactants, including glycolipids,
phospholipids, and lipopeptides, are efficient in reducing surface tension. Meanwhile, high molecular weight
biosurfactants, such as proteins, lipopolysaccharides, lipoproteins or complex mixtures of these biopolymers, are more
effective in stabilizing oil-in-water emulsions as emulsifiers (Calvo et al. 2009). This result is supported by the fact that
the biosurfactant produced by B. subtilis 21332 has shown high emulsification activity values on glucose substrates up to
55.2% (Zhu et al. 2016). In contrast to the reported that value of the emulsification activity of B. subtilis 573 to 27.1%,
with the addition of 1% bacterial culture concentration (Pereira et al. 2013), while in this study, the addition of 4%.
Differences in the addition of culture affect the activity of biosurfactants produced by bacteria. The higher the concentration
of bacterial culture added to the media, the density of bacteria in the substrate also increases and affects the speed of using
the available substrate to produce biosurfactants.

Bacillus species have srfAA gene, which encodes phosphopantetheinyl transferase and contributes to the nonribosomal
biosynthesis of surfactin (Jacques 2011, Plaza et al. 2015). The nonribosomal peptide synthetase complex is coded by
srfAA and srfAD gene known as surfactin synthetase. The srfAA and srfAD genes have contributed to the control of
surfactin biosynthesis gene expression. The 4-phosphopantetheinyl transferase is an activating enzyme for the srfA
multienzyme complex. The srfAA, srfAB, srfAC, and srfAD genes are involved in the assembly of heptamodular non-
ribosomal peptide (NPRS) synthesis in which the modular enzyme contains a typical N-terminal in the CLP-BGCs domain



and acylates the first amino acid, glutamine with various 3-OH fatty acids derived from of primary metabolism (Théatre et
al. 2021). The surfactin gene transforms surfactin synthetase into an active form. The production of biosurfactants
especially surfactin, that have Bacillus influenced by srfAA and srfAD gene (Jacques 2011, Plaza et al. 2015). The Table
3 showed that the similarity results have a value of 91.04%, because there are several differences in amino acids possessed
by B. subtilis BK 7.1 and other strains of B. subtilis. The presence of gene diversity can cause this even in the same B.
subtilis group.

The results of this study have also reported that there are differences in the production of biosurfactants. Marine bacteria
on mineral salt media containing different carbon sources, higher emulsification activity of glycerol and starch substrates
than glucose and sucrose substrates, with a value range of (E24) 45-85% (Das et al. 2008). Different reports showed that
the emulsification activity of B. subtilis 573 to 48.4% (Pereira et al. 2013), also the emulsification activity of B. subtilis up
to 38.3% (Zhu et al. 2016). The production of biosurfactant by B. circulans in glycerol and anthracene-supplemented
glycerol substrate has been able to emulsify various hydrocarbons, such as diesel oil, hexadecane, kerosene, benzene, and
gasoline in the range of 30-80% (Das et al. 2008).

Biosurfactant production of B. subtilis BK7.1 observed through surface tension values is shown in Fig. 6d. Glucose and
sucrose substrates have been reported as the best carbon sources for the biosurfactant production process by the Bacillus
group (Abdel-Mawgoud et al. 2008). B. subtilis BK7.1 reduced the surface tension up to 51.47 mN/m at 48 h incubation.
B. subtilis B30, in 2% glucose substrate has the lowest surface tension value (25.56 mN/m) (Al-Wabhaibi et al. 2014). The
difference in surface tension reduction is caused by different species and strains of bacteria, as well as the level of their
ability to utilize various substrates. Variations in nucleotide sequences between bacteria species affect the formation of
biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h, and
54.36 at 72 h incubation, respectively. B. subtilis N3-4P has grown better on glycerol substrate than glucose, hexadecane,
and diesel. This B. subtilis N3-4P decreased the surface tension to 27.8 mN/m on glycerol substrate (Zhu et al. 2016). The
same has been reported that the difference in the value of the decrease in surface tension by B. subtilis 309, B. subtilis 311,
and B. subtilis 573 on glycerol and glucose substrates, with the value of the decrease in surface tension on glycerol
substrates 29.7, 30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0, and 29.5 mN/m, respectively (Pereira et al.
2013).

The value of the surface tension of B. subtilis BK7.1, on molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633 up to
30.48 mN/m (Kashkouli et al. 2011), and B. subtilis RSL-2 up to 24.09 mN/m (Verma et al. 2020). This difference has
been due to the influence of various concentrations of molasses substrate, B. subtilis BK7.1 used 2% molasses, B. subtilis
ATCC 6633 used 3% molasses (Kashkouli et al. 2011), and B. subtilis RSL-2 used 5% molasses (Verma et al. 2020). In
addition, the efficiency of biosurfactant production by B. subtilis 3KP with molasses substrate is influenced by the
instability of the biosurfactant product. Differences in composition and nutrient content in molasses, suspected related to
the processing of sugar from the molasses (Ni’matuzahroh et al. 2017). The difference in sugar content of molasses as the
main carbon source for the growth of B. subtilis 3KP bacteria has affected the productivity of biosurfactant production
(Ni’matuzahroh et al. 2017).

Indigenous entomopathogenic B. subtilis BK7.1 isolated from Baluran National Park, East Java, Indonesia, 98.68%
similarity to B. subtilis subsp. inaquosorum strain BGSC 3A28. The results of screening for biosurfactant activity showed
positive hemolytic activity, decreased surface tension, and increased emulsification activity. The srfAA and srfAD genes
were detected encoding surfactin, which has the capacity for biosurfactant production on various glucose, glycerol, and
molasses substrates. B. subtilis BK7.1 produced biosurfactant, the potential to develop for environmentally friendly
biocontrol agent for biopesticides in agriculture and disease vector control in public health.
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Abstract. Using biosurfactants as biocontrol agents have received much attention for pest control and disease vectors. The research
aimed to identify| ffocused-on-identifying the species and genetic relationship, hemolytic activity, detection of coding genes, and trial [
production of biosurfactants on various substrates] of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in Baluran National [
Park, East Java, Indonesia. Screening of biosurfactants by kested“testing\hemolytic activity, surface tension and emulsification activities,
detecting coding genes of biosurfactant biosynthesis, and testing the production of biosurfactants in various substrates were conducted. [
The [results of the }nolecular identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method of [Commented [SS4]: We delete the word
[
[
(
[
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Bacillus sp. BK7.1 has a genetic similarity of 98.68% with B. subtilis subsp. inaquosorum strain BGSC 3A28. Screening showed positive
hemolytic activity results, reduced surface tension, and increased emulsification activities, and produced biosurfactant in glucose,
glycerol, and molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding surfactin
biosynthesis, the potential bacteria to produce bioinsecticide compounds. lBased on these studies P’—hus\ the indigenous entomopathogenic
B. subtilis BK7.1 can be developed as environmentally friendly microbial bioinsecticides for pest control and disease vectors.
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Keywords: Biosurfactant production, crop protection, entomopathogenic Bacillus subtilis BK7.1, hemolytic activity, srfAA-srfAD
gene.

Running Title: Biosurfactant production of Bacillus subtilis BK7.1

INTRODUCTION

Controlling insect pests and insect vectors with chemical insecticides is broadly used (Kerrat-et-ak—2012, Safni et al. [Commented [RD9]: We agree to delete this reference ]
2018). However, chemical insecticides have a negative impact on disease vector control and pest control because it causes
insect resistance (Siva-et-al—2018; Sengiil et al. 2022). Biocontrol methods are obtainable to resolve these problems. {Commented [RD10]: We agree to delete this reference, but we }
Entomopathogens from microorganisms act as natural enemies that can produce toxic metabolites towards insect pests and add new reference is Sengiil et al. 2022
plants pathogen. Biocontrol methods can be used as an alternative to fighting diseases transmitted by vector mosquitoes,
plant pathogens, and insect pests. This method does not cause pollution and is environmentally friendly (Thomas 2017).

Biocontrol agents using Bacillus strains are methods that have been widely developed because they are proven to be
environmentally friendly (Bergamasco et al. 2013, Syaharuddin et al. 2018). Group of bacteria, fungi and yeasts have
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produced biosurfactants (Santos et al. 2018). Biosurfactants can be synthesized by several groups of microbes and can act
as a substitute for non-biodegradable and non-environmentally friendly synthetic surfactants (Moro et al. 2018). The
biosurfactant produced by Bacillus is one of the entomopathogenic mechanisms that have caused the death of insects.
Biosurfactants are unique microbial metabolites that appear in biological action against plant pathogens and insect pests.

Biosurfactants have many interesting features, such as high levels of biodegradability and optimal activity under
extreme conditions (Banat-et-ak—2010; Khedher et al. 2017). Following previous study, B. subtilis, B. amyloliquefaciens,
and B, velezensis produces biosurfactant and efficient to be biocontrol agent against different targets
Ghribi-etal—2012, Revathi et al. 2013, Nafidiastri et al. 2021). Bacillus sp. is able to synthesize lipopeptide blosurfactants
such as surfactin, fengicin, and iturin (Mongkelthanaruk-2012. Théatre et al. 2021). Surfactin consists of 7 amino acids
bonded to a carboxyl group and a fatty acid hydroxyl group at carbon atoms number 12-16, synthesized by a complex
mechanism, catalyzed by Nonribosomal Peptide Synthetase (NRPS) and encoded by the srfA operon. Surfactin can
suppress plant diseases through strong biosurfactant activity (Cawoy et al. 2014) by inhibiting bacterial growth, lysing cell
membranes or destroying them through physicochemical interactions (Deleu et al. 2013), suppressing fungi by promoting
colonization of beneficial bacteria (Jia et al. 2015), and trigger systemic resistance (Cawoy et al. 2014). Biosurfactants
have been applied in various industrial and petroleum fields (Nwaguma et al. 2016, Pele et al. 2019, Gomaa et al. 2019).
Biosurfactants are lower in toxicity, more biodegradable and environmentally friendly, harmless, and work more
specifically (De Almeida et al. 2016, Chaves et al. 2018, Gayathiri et al. 2022). Biosurfactants are stable and efficient under
unfavorable salinity, pH and temperature often encountered in the petroleum industry (Silva et al. 2014). Biosurfactants
can reduce surface and interfacial tension, as well as suitable emulsifiers and dispersing agents and are widely used in the
industrial sector (Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus are still being carried out to find the safest way to control disease
vectors caused by mosquitoes. The results of screening tests for potential initial toxicity against A. aegypti larvae have
reported that 68 entomopathogenic Bacillus sp. has been isolated from 30 natural soil samples with potential status
variations from low to very high. In the affirmation test, there were three isolates coded BK7.1, BK7.2, and BK5.2, with
the highest entomopathogenic potential status, larval mortality rates at 48 hours of exposure were 93, 87 and 70%,
respectively (Salamun et al. 2020). Bacillus sp. BK5.2, a molecular identification, has been carried out, as B. thuringiensis
BKS5.2 which produces entomopathogenic cry toxin (Salamun et al. 2021), during the identification of Bacillus sp. BK7.1
has been carried out through morphological and physiological characterization (Salamun et al. 2020). It is necessary to
carry out molecular identification and mechanism of action of Bacillus sp. BK7.1 as an entomopathogenic bacteria. In this
study, genetic characteristics were carried out to determine the species and the relationship of species in the phylogenetic
tree, detection of biosurfactant coding genes, screening of biosurfactant activities such as hemolytic activity, surface
tension, emulsification activity, and production on several substrates.

MATERIALS AND METHODS

Identification 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated according to the Thermo Scientific GeneJet Genomic DNA
Purification Kit, visualized under ultraviolet by electrophoresis, purity and concentration with a Thermo Scientific
Multiskan GO Microdroplet Spectrophotometer; purity was calculated by the ratio between the values of 260 nm and 280
nm in the DNA samples (Meena et al. 2020). Amplifying genomic DNA of Bacillus sp. BK7.1 utilized 16S rRNA primers
(27f and 1492r), examined by electrophoresis on 1% agarose gel followed by ethidium bromide (EtBr) dye and visualized
under ultraviolet light, then purified and sequenced. Amplicon result was then aligned and contigs were developed from
the sequences using the BioEdit Sequence Alignment Editor software for Windows. The 16S rRNA nucleotide sequence
was aligned with 16S rRNA gene sequences from other microorganisms published in GenBank. Genetic similarity was
determined to contig alignment and phylogenetic tree construction using the Program of Mega 7. The phylogenetic tree
was designed by inputting FASTAs from BLAST species (Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three methods, hemolytic activity, surface tension value, and emulsification
activity. Hemolytic activity using blood agar media inoculated with Bacillus sp. BK7.1 by spots method and incubated for
two days at room temperature and zone of inhibition observed around the colony. Surface tension was measured with Du
Nouy Tensiometer, with 50% Tween 20 as a positive control and Nutrient Broth as a negative control. The decrease in the
surface tension value of 10 mN/m indicated the potential to produce biosurfactants. The emulsification activity was
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measured by inserting a 2 mL supernatant fraction and kerosene in a test tube. This mixture was stirred on VVortex Mixer
for 1 minute, incubated for 24 hours at room temperature, and measured after the emulsion height was stable. The
percentage (%) of the emulsion layer height (cm) divided by the total solution height was calculated as the emulsion index
value (E24).

Detection srfAA and srfAD surfactin gene
Amplification of the srfAA and srfAD surfactin genes of Bacillus sp. BK7.1 using primers selected according to the

literature. Electrophoresis and visualization were performed under UV Transluminator. Forward primer F-5'
TCGGGACAGGAAGACATCAT 3' and reverse primer R-5° CCACTCAAACGGATAATCCTGA 3' for srfAA gene
dehang&aléeo&]Mora etal. 2020). Forward primer F-5° ATGAGCCAACTCTTCAAATCATTTG 3’ and reverse primer
R-5 TCACGATTGAATGATTGGATGCT 3’ for srfAD gene. The amplicons were aligned and developed from the
sequences by the BioEdit Sequence Alignment Editor for Windows software. The nucleotide sequences are translated into
a protein to be formed. The translation of the nucleotide sequence aligned with BLASTp from the other Bacillus, which
has been published on GenBank.

Biosurfactant production
The biosurfactant production activity begins by providing synthetic mineral water (SMW), by dissolved one by one, 3 g
(NH4)2504, 10 g NaCl, 0.2 g MgS04.7H20, 0.01 g CaCl2, 0.001 g MnS0O4.H20, 0.001 g H3BO3, 0.001 g ZnSO4.7H20,
0.001 g CuS0O4.5H20, 0.005 g CoCI2.6H20, and 0.001 g NaMo0O4.2H20 into 900 mL distilled water, respectively. The
elements phosphate and iron are made separately. The phosphate elements dissolved 5 g of KH2PO4 and 2 g of K2HPO4
into 50 mL of distilled water, while the iron element dissolved 0.0006 g of FeSO4.7H20 into 50 mL of distilled water,
respectively. The phosphate and iron elements were sterilized using an autoclave for 15-20 minutes at 121°C with 1 atm.
A 250 mL culture bottle was prepared to be filled with 86.4 mL of SMW and added 2% substrates (glucose, glycerol,
molasses) solution, was homogenized and ensured that the pH was 7.0. The culture vial was sterilized by autoclave for 15-
20 minutes at 121°C 1 atm. After sterilization, the culture was cooled at room temperature, then 4.8 mL of phosphate and
iron elements were added. Then each added 4% (4 mL) of bacterial culture with an absorbance value of 0.5 Optical Density
in 650 nm. The culture solution was incubated at room temperature for 96 hours with an agitation of 130 rpm. Every 24
hours, bacterial biomass, surface tension value, and emulsification activity against diesel and kerosene were measured until
96 hours incubation.

RESULTS AND DISCUSSION

Results
Identification of 16S rRNA gene
Purity and concentration of DNA genome of Bacillus sp. BK 7.1 obtained a 1.782 and a 31 ng/uL and after being confirmed

with agarose gel electrophoresis 1% in Fig. 1. Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA nucleotide
sequence, which similarity to Bacillus subtilis subsp. inaquosorum strain BGSC 3A28, homology level of 98.68% (Table
1).

2500 bp

1000 bp

500 bp

100bp

Fig. 1 The electrophoresis results of DNA genome (a) and 16S rRNA gene (b) of Bacillus sp. BK7.1 on 1% agarose gel. Descriptions:
M 100 bp DNA marker, S sample, S1 sample of DNA genome, S2 sample of 16SrRNA gene

Table 1 The species of Bacillus sp. BK7.1 based on approach 16S rRNA gene with Basic Local Alignment Search Tools (BLAST)
program
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Query

i i 0,
No.  Species Accession No. Evalue %ID Cover (%)
Bacillus subtilis subsp. inaquosorum
1 strain BGSC 3A28 NR_104873.1 0.0 98.68 99
2 Bacillus subtilis strain DSM 10 NR_027552.1 0.0 98.61 99
3 Bacillus subtilis strain JCM 1465 NR_113265.1 0.0 98.61 99

The phylogenetic analysis results where Bacillus sp. BK7.1 and some strain of known Bacillus are presented in Fig. 2.
The closest relative of Bacillus sp. BK7.1 is a strain of Bacillus subtilis strain SBMP4, and this grouping only shows the
closeness of the strains based on the similarity of the 16S rRNA sequence, and does not describe the ability to produce
biosurfactants, especially surfactin.

b 1R 118383 1 Bacilus subtis strain SBMP4 163 ribosomal RIVA partial sequence
IR 1048731 Bacilug subtiis subsp. inaquosorum strain BG3C 3428 163 ribosormal RITA partial sequence
TR 104519, 1 Bacilus tequilensis strain 10b 165 ribosomal RIVA partial sequence
NE 112686.1 Bacdlue subiths subsp. spimeen stran MBRC 101239 165 nibosomal RMA partial secquence
3 TR 113594.1 Bacilug vallismortis strain NBRC 101236 163 tibosotnal RIA partial sequence
TR 027552.1 Bacilus subtis strain DSM 10 163 rhosomal RIA partial sequence
R 1126291 Bacdlus subiths stram NBRC 13719 163 nbosotmal ENA partial sequence
TR 113265.1 Bacilug subtiis strain JCM 1465 165 rbosomal RIA partial sequence
I R 112116.2 Bacilus subts strain TAM 12118 163 nibosomal RNA complete sequence

® TR 116017 1 Bacilus subtiis strain BCRC 10255 163 tibosomal RNA partial sequence

,—N'R 1027832 Bacillus subtilis subsp. subtilis strain 168 163 tlhosomal BINA complete sequence

7L MR 075005 2 Bacillis velezensis strain FZB4 163 ribosomal RIA cofplete sequence
||N'R 024570.1 Escherichia col strain T 541 163 tibosomal RIVA partial sequencel Outgroup

Fig. 2 Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli as
an outgroup species.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen in Fig. 3. The surface tension value of the supernatant fraction of
B. subtilis BK7.1 of 49.17 mN/m can be seen in Table 2. When compared with the surface tension value of the control in
the form of distilled water and the control media of Nutrient Broth (NB), the value of the culture supernatant of B. subtilis
BK7.1 experienced a decrease in surface tension value of 15.21 mN/m from the NB media control and 22.83 mN/m from
the distilled water control. The emulsification index value of the supernatant B. subtilis BK7.1 of 18.02%, which is left for
one hour while after 24 hours the emulsification index value becomes 25.53%, where it has decreased by 21.92% (Fig. 4).
The emulsification index value indicates the stability of the emulsion and lines that produce values above 50%.
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Fig. 3 Screening biosurfactant using hemolytic activity in Bacillus subtilis BK7.1 on blood agar plate media. Descriptions: a isolate, b
clear zone around the colony, c blood agar plate, R Replicates.

Table 2. Value of surface tension (mN/m) of supernatant fraction of Bacillus subtilis BK7.1 on treatment variation

Treatment Surface Tension
Control of sterile water 72
Control of Nutrient Broth (NB) medium, room temperature, pH =7 64.38
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 hours), room temperature, pH = 8 49.17
A Surface tension of supernatant of Bacillus subtilis BK7.1 against sterile water 22.83
A Surface tension of supernatant of Bacillus subtilis BK7.1 against NB medium 15.21

Fig. 4 The emulsification activity of supernatant Bacillus subtilis BK7.1 on the kerosene substrate. Descriptions: a kerosene, b emulsion,
c isolate, (a) 1 hour of exposure, (b) 24 hours of exposure.

Detection srfAA and srfAD surfactin gene

The encoding gene of surfactin discovered sizes scale 201 bp, expected as srfAA gene, and 723 bp expected as srfAD gene
(Fig. 5). In Table 3 showed that the similarity results, which have a value of 91.04% because there are several differences
in amino acids possessed by B. subtilis BK 7.1 and other strains of B. subtilis. This can be caused by the presence of gene
diversity even in the same B. subtilis group.

Fig. 5 The electrophoresis results of srfAD (a) and srfAA (b) surfactin gene amplification of Bacillus subtilis BK7.1. Description: M
100 bp DNA marker, SA sample of srfAA surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp

Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus subtilis
BK 7.1

. . . Query
0
No.  Protein Species Accession No. Evalue %ID < -0 %)




1 surfe}ctln non-ribosomal !Ba(:lllussubtllls WP 0603979031 9e-34  91.04 100
peptide synthetase sSrfAA  inaquosorum -

surfactin biosynthesis . -
2. thioesterase SIFAD Bacillus subtilis group  WP_075750164.1 5e-178  99.17 99

Biosurfactant production

Biosurfactant productions of B. subtilis BK7.1 on glucose, glycerol, and molasses substrates can be detected through a
bacterial growth curve, surface tension value, and emulsification activity (Fig. 6). The growth activity of B. subtilis BK7.1
showed on various substrates in Fig. 6a. The isolates had grown well on SMW media with the addition of glucose, glycerol,
and molasses as substrates. On glucose substrate with up to 72 h incubation, isolates still showed an exponential phase,
and 96 h incubation entered the stationary phase, as well as on glycerol substrate. On molasses substrate, it still showed an
exponential phase until 96 h incubation.

The results showed that the emulsification activity of B. subtilis BK7.1 on the three substrates tended to increase up to
96 hours of incubation (Fig. 6bc), which proved that the isolate produced surfactin. On glucose substrate, the highest
emulsification activity occurred at 96 hours of incubation. Decreased in surface tension values are shown in Fig. 6d.
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Discussions

The electrophoresis results from 16S rRNA gene amplification of Bacillus sp. BK7.1 showed a band over 1500 bp in size
(Fig. 1). Based on molecular identification, Bacillus sp. BK7.1, which similarity to Bacillus subtilis subsp. inaquosorum
strain BGSC 3A28, homology level of 98.68%. The gene of 16S rRNA can be used for the identification of microorganisms
because it is one of the genes with specific characteristics (Pearson 2013). The 16S RNA gene sequencing is a fast and



accurate method for bacterial identification. Bacteria represent the same genus if they have a similarity index above 95%
and the same species above 97% (Johnson et al. 2019, Srinivasan et al. 2015). The similarity is less than 100% because
there are variations in amino acid sequences that affect the genotypic character but do not affect the phenotypic character
(Johnson et al. 2019).

Research conducted that B. subtilis strain SBMP4 can control pathogenic fungi such as Aspergillus and Fusarium in
early Arachis hypogea plants (Syed et al. 2020). Bacillus has adapted and grown in extreme environmental conditions,
forms endospores are resistant to stress, and has secreted various secondary metabolites such as surfactin (Shafi et al. 2017).
Another essential characteristic is the abundance of secondary metabolites and moderate dietary requirements with a fast
growth rate (Yadav et al. 2016, Mishra and Arora 2018). Surfactin produced by B. subtilis is one of the most effective
biosurfactants. Surfactin reduced the surface tension of water up to 27 mN/m, with a critical micelle concentration of 0.01
g/L and high emulsification activity and has shown antimicrobial, antiviral, and antitumor activity (Gudina et al. 2013,
Gudina et al. 2016).

Controlling insects can use biosurfactants introduced as an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain can kill adult mosquitoes (Geetha-et-al-2012). The hemolytic activity
of B. subtilis BK7.1 can be seen in Fig. 3. The clear zone on the hemolytic activity test by biosurfactants has caused lysis
of the red blood cell membrane, and the cells secrete hemoglobin. The hemolytic activity occurs through two different
mechanisms, at a high concentration occur, cell membrane lysis, and at low concentrations increase, membrane
permeability to solutes it will causes osmotic lysis (Zaragosa et al. 2010). The inhibition zone formed in the observation of
hemolytic activity indicates a biosurfactant production process; the larger the lysis diameter of blood agar, the higher the
biosurfactant concentration (Singh 2012).

Bacteria can produce biosurfactants if they can reduce surface tension values by > 10 mN/m (Franey-et-ab—1991; de
Oliveira et al. 2021). The surface and interfacial tension decrease is caused by the presence of hydrophobic and hydrophilic
groups in the biosurfactants, where these compounds can accumulate between the liquid phases (Kapadia and Yagnik
2013). The entomopathogenic activity of biosurfactants against A. aegypti is caused by surfactin produced by B. subtilis.
Surfactin triggers the surface tension of the water, causing a lack of oxygen underwater. The concentration of O, causes
the larval spiracles of A. aegypti to open so that it can cause the insect death. In addition, surfactin can be very active
against pH, temperature around 25-42°C, and UV stability, making it enjoyable to develop as a larvicidal agent (jGee&haret
al-2010, Guimarées et al. 2019).

The emulsification index value of B. subtilis BK7.1 is a low category. Lipopeptides such as surfactin consist of
cycloheptapeptides with amino acids attached to fatty acids of a different chain. This chemical structure causes surfactin
to be amphiphilic and able to mix in both polar and non-polar solvents, while this amphiphilic structure allows surfactin to
form emulsions. The characteristics of surfactin are involved in cell attachment and cause membrane disruption
(Raaijmakers-et-al—2010; Chen et al. 2022). The ability of surfactin to bind Ca?* causes a conformational change in the
peptide cycle and allows it to be incorporated into the phospholipid bilayer (Khedher et al. 2015, Khedher et al. 2017).

The emulsification activity of B. subtilis BK7.1 in 1-hour observation tends to decrease compared to 24 hours
observation. This difference has shown that the emulsion is unstable because the isolate produces biosurfactants which act
as active surface molecules only in decreasing surface tension. Based on molecular weight, biosurfactants have been
classified into low and high molecular weight biosurfactants. Low molecular weight biosurfactants, including glycolipids,
phospholipids, and lipopeptides, are efficient in reducing surface tension. Meanwhile, high molecular weight
biosurfactants, such as proteins, lipopolysaccharides, lipoproteins or complex mixtures of these biopolymers, are more
effective in stabilizing oil-in-water emulsions as emulsifiers dGalve—e{—al—ZOOQ- Uzoigwe et al. 2015). This result is
supported by the fact that the biosurfactant produced by B. subtilis 21332 has shown high emulsification activity values on
glucose substrates up to 55.2% (Zhu et al. 2016). In contrast to the reported that value of the emulsification activity of B.
subtilis 573 to 27.1%, with the addition of 1% bacterial culture concentration (Pereira et al. 2013), while in this study, the
addition of 4%. Differences in the addition of culture affect the activity of biosurfactants produced by bacteria. The higher
the concentration of bacterial culture added to the media, the density of bacteria in the substrate also increases and affects
the speed of using the available substrate to produce biosurfactants.

Bacillus species have srfAA gene, which encodes phosphopantetheinyl transferase and contributes to the nonribosomal
biosynthesis of surfactin @aeques—zg}l— Plaza et al. 2015). The nonribosomal peptide synthetase complex is coded by
srfAA and srfAD gene known as surfactin synthetase. The srfAA and srfAD genes have contributed to the control of
surfactin biosynthesis gene expression. The 4-phosphopantetheinyl transferase is an activating enzyme for the srfA
multienzyme complex. The srfAA, srfAB, srfAC, and srfAD genes are involved in the assembly of heptamodular non-
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ribosomal peptide (NPRS) synthesis in which the modular enzyme contains a typical N-terminal in the CLP-BGCs domain
and acylates the first amino acid, glutamine with various 3-OH fatty acids derived from of primary metabolism (Théatre et
al. 2021). The surfactin gene transforms surfactin synthetase into an active form. The production of biosurfactants
especially surfactin, that have Bacillus influenced by srfAA and srfAD gene (Jacgques-2011; Plaza et al. 2015). The Table
3 showed that the similarity results have a value of 91.04%, because there are several differences in amino acids possessed
by B. subtilis BK 7.1 and other strains of B. subtilis. The presence of gene diversity can cause this even in the same B.
subtilis group.

The results of this study have also reported that there are differences in the production of biosurfactants. The higher
emulsification activity from B. subtilis 573 to 48.4% (Pereira et al. 2013), B. subtilis 21332 up to 55.2% (Zhu et al. 2016),
and B. subtilis N3-4P up to 38.3% (Zhu et al. 2016) on mineral salt media containing using different carbon sources than
glycerol. [Fhe i iosurfacta i i e o emente o o

0 7

o0 30-80%-(Das-etal—2008)] The production of biosurfactant by Bacillus nealsonii S2M in glycerol substrate has been able
to emulsify various hydrocarbons in 55% (Phulpoto et al. 2020) |

Biosurfactant production of B. subtilis BK7.1 observed through surface tension values is shown in Fig. 6d. Glucose and
sucrose substrates have been reported as the best carbon sources for the biosurfactant production process by the Bacillus
group (Abdel-Mawgoud et al. 2008). B. subtilis BK7.1 reduced the surface tension up to 51.47 mN/m at 48 h incubation.
B. subtilis B30, in 2% glucose substrate has the lowest surface tension value (25.56 mN/m) (Al-Wahaibi et al. 2014). The
difference in surface tension reduction is caused by different species and strains of bacteria, as well as the level of their
ability to utilize various substrates. Variations in nucleotide sequences between bacteria species affect the formation of
biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h, and
54.36 at 72 h incubation, respectively. B. subtilis N3-4P has grown better on glycerol substrate than glucose, hexadecane,
and diesel. This B. subtilis N3-4P decreased the surface tension to 27.8 mN/m on glycerol substrate (Zhu et al. 2016). The
same has been reported that the difference in the value of the decrease in surface tension by B. subtilis 309, B. subtilis 311,
and B. subtilis 573 on glycerol and glucose substrates, with the value of the decrease in surface tension on glycerol
substrates 29.7, 30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0, and 29.5 mN/m, respectively (Pereira et al.
2013).

The value of the surface tension of B. subtilis BK7.1, on molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633 up to
30.48 mN/m (Kashkouli et al. 2011), and B. subtilis RSL-2 up to 24.09 mN/m (Verma et al. 2020). This difference has
been due to the influence of various concentrations of molasses substrate, B. subtilis BK7.1 used 2% molasses, B. subtilis
ATCC 6633 used 3% molasses (Kashkouli et al. 2011), and B. subtilis RSL-2 used 5% molasses (Verma et al. 2020). In
addition, the efficiency of biosurfactant production by B. subtilis 3KP with molasses substrate is influenced by the
instability of the biosurfactant product. Differences in composition and nutrient content in molasses, suspected related to
the processing of sugar from the molasses (Ni’matuzahroh et al. 2017). The difference in sugar content of molasses as the
main carbon source for the growth of B. subtilis 3KP bacteria has affected the productivity of biosurfactant production
(Ni’matuzahroh et al. 2017).

Indigenous entomopathogenic B. subtilis BK7.1 isolated from Baluran National Park, East Java, Indonesia, 98.68%
similarity to B. subtilis subsp. inaquosorum strain BGSC 3A28. The results of screening for biosurfactant activity showed
positive hemolytic activity, decreased surface tension, and increased emulsification activity. The srfAA and srfAD genes
were detected encoding surfactin, which has the capacity for biosurfactant production on various glucose, glycerol, and
molasses substrates. B. subtilis BK7.1 produced biosurfactant, the potential to develop for environmentally friendly
biocontrol agent for biopesticides in agriculture and disease vector control in public health.

ACKNOWLEDGEMENTS

The authors would like to express appreciation for the financial support from the internal funding Featured Faculty
Research (Penelitian Unggulan Fakultas) 2022-2023. The authors grate full to the Dean of the Faculty of Science and
Technology (Fakultas Sains dan Teknologi) and Head of Research and Community Services Institutions (Lembaga
Penelitian dan Pengabdian Masyarakat), and Chancellor of Universitas Airlangga, Surabaya, Indonesia.

REFERENCES|

[

Commented [RD22]: We agree to delete this reference

|

Commented [RD23]: We agree to delete this sentence and
reference

|

Commented [RD24]: We added this sentence with new
reference

|

Commented [RD25]: We have writen the references based on
the author's guidelines and added the Digital Object Identifier (DOI)
address




Al- Waha|b| Y, Joshl S, AI Bahry S, Elshaﬁe A Al- Bemanl A Sh|bulal B 2014. Blosurfactant production by Bacillus
subtilis B30 and its application in enhancing oil recovery, Colloids and Surfaces B: Biointerfaces 114:324-333. DOI:
10. 1016/] colsurfb 2013. 09 022

Bergamasco VB Mendes DRP, Fernandes OA, Desidério JA, Lemos MVF. 2013. Bacillus thuringiensis Cry1lal0 and
Vip3Aa protein interactions and their toxicity in Spodoptera spp. (Lepidoptera). J Invert Pathol 112(2):152-158. DOI:
10 1016/] le 2012 11 011

Cawoy H, Mariutto M, Henry G, Fisher C, Vasilyeva N, Thonart, P (2014) Plant defence stimulation by natural isolates of
Bacillus  depends on efficient surfactin  production. Mole Plant Micro Interact 27(2):87-100.
http://dx.doi.org/10.1094/MPMI-09-13-0262-R

Chaves MP, Guimaraes MV (2018) Biosurfactant production from industrial wastes with potential remove of insoluble
palnt Inter Blodeter Blodegrad 127 10 16. https //d0| orq/lO 1016/| |b|0d 2017. 11 005

De Almeida DG, Soares SRCF, Luna JM, Rufino, RD, Santos VA, Banat IM, Sarubbo LA. 2016. Biosurfactants: Promising
molecules for petroleum biotechnology advances. Front Micro 7:1718. DOI: 10.3389/fmicb.2016.01718

|de Oliveira EM, Sales VHG, Andrade MS, Zilli JE, Borges WL, de Souza TM. 2021. Isolation and characterization of
biosurfactant-producing bacteria from Amapaense Amazon soils. Int J Microbiol. 9959550. DOI:
10.1155/2021/9959550ﬁJ

Deleu M, LorentJ, Lins L, Brasseur R, Braun N, El Kirat K, Nylander T, Dufréne YF, Mingeot-Leclercq MP. 2013. Efects
of surfactin on membrane models displaying lipid phase separation. Biochem Biophys Acta Biomembran 1828:801-
815 DOI: 10. 1016/] bbamem.2012. 11 007

Gayathlrl E Prakash P, Karmegam N Varjam S Awasthl MK Ravindran B (2022) Biosurfactants: Potential and Eco-
Friendly Material for Sustainable Agriculture and Environmental Safety—A Review. Agronomy 12(3):662.
https //d0| org/lO 3390/agronomy12030662

Gomaa EZ, EI Melhy RM 2019 Bacterlal blosurfactant from Cltrobacter freundu M6812314 1 asa bloremoval tool of
heavy metals from wastewater. Bull Natl Res Cent 43(1):1-14. DOI: 10.1186/s42269-019-0088-8

Gudina EJ, Fernandes EC, Rodrigues Al, Teixeira JA, Rodrigues LR. 2015. Biosurfactant production by Bacillus subtilis
using corn steep liquor as culture medium. Front Microb 6:59. DOI: 10.1016/j.biortech.2014.11.069

Gudifia EJ, Rangarajan V, Sen R, Rodrigues LR. 2013. Potential therapeutic applications of biosurfactants. Trends
Pharmacol Sci 34(12):667-675. DOI: 10.1016/j.tips.2013.10.002

|Guimaries CR., Pasqualino IP, da Mota FF, de Godoy MG, Seldin L, de Castilho LVA, Freire DMG. 2019. Surfactin from
Bacillus velezensis H20-1: production and physicochemical characterization for postsalt applications. J Surfactants

Deterg 22: 451-462. DOI 10 1002/jsde 12250\

Commented [RD26]: We agree to delete this reference, but we
add new reference

Commented [RD27]: We agree to delete this reference, but we
add new reference

Commented [RD28]: We agree to delete this reference, but we
add new reference

Commented [RD29]: We agree to delete this reference, but we
add new reference

[ Commented [RD30]: We added this new reference ]

Commented [RD31]: We agree to delete this reference, but we
add new reference

Commented [RD32]: We agree to delete this reference, but we
add new reference

[ Commented [RD33]: We added this new reference ]

14490-5-3
Jia K, Gao YH, Huang XQ, Guo RJ, Li SD. 2015. Rhizosphere inhibition of cucumber fusarium wilt by different surfactin
excreting strains of Bacillus subtilis. Plant Patho J 31:140-151. DOI: 10.5423/ppj.0a.10.2014.0113
Johnson JS, Spakowicz DJ, Hong BY, Petersen LM, Demkowicz P, Chen L, Leopold SR, Hanson BM, Agresta HO,
Gerstein M, Sodergren E, Weinstock GM. 2019. Evaluation of 16S rRNA gene sequencing for species and strain-level
microbiome analysis. Nature Communications 10(1):5029. DOI: 10.1038/s41467-019-13036-1

Commented [RD34]: We agree to delete this reference, but we
add new reference



http://dx.doi.org/10.1007/s12010-008-8155-x
https://doi.org/10.1016/j.colsurfb.2013.09.022
https://doi.org/10.1016/j.colsurfb.2013.09.022
https://doi.org/10.1007/s00253-010-2589-0
https://pubmed.ncbi.nlm.nih.gov/?term=Mendes+DR&cauthor_id=23220241
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandes+OA&cauthor_id=23220241
https://pubmed.ncbi.nlm.nih.gov/?term=Desid%C3%A9rio+JA&cauthor_id=23220241
https://pubmed.ncbi.nlm.nih.gov/?term=Lemos+MV&cauthor_id=23220241
https://doi.org/10.1016/j.jip.2012.11.011
https://doi.org/10.1016/j.jip.2012.11.011
https://doi.org/10.1016/j.scitotenv.2008.07.008
http://dx.doi.org/10.1094/MPMI-09-13-0262-R
https://doi.org/10.1016/j.ibiod.2017.11.005
https://doi.org/10.1016/j.chemosphere.2008.05.015
https://doi.org/10.3389/fmicb.2016.01718
https://doi.org/10.1016/j.bbamem.2012.11.007
https://doi.org/10.1007/BF01576061
https://doi.org/10.1007/s00253-010-2449-y
https://doi.org/10.1007/s00253-010-2449-y
https://doi.org/10.1002/ps.3324
https://doi.org/10.1016/j.jip.2011.10.014
https://doi.org/10.1186/s42269-019-0088-8
https://doi.org/10.1016/j.biortech.2014.11.069
https://doi.org/10.1016/j.tips.2013.10.002
https://link.springer.com/chapter/10.1007/978-3-642-14490-5_3
https://link.springer.com/chapter/10.1007/978-3-642-14490-5_3
https://doi.org/10.5423/ppj.oa.10.2014.0113
https://doi.org/10.1038/s41467-019-13036-1

Kapadla SG Yagnlk BN 2013 Current Trend and Potentlal for M|crob|a| Blosurfactants A5|an J Exp Bio Sci 4: 1 8.

Khedher SB, Boukedi H, Kilani-Feki O, Chaib K, Laarif A, Mesrati LA, Tounsi S. 2015. Bacillus amyloliquefaciens AG1
biosurfactant: histopathological effects and diversity of its putative receptors on Tuta absoluta midgut. J Inver Pathol
132:42-47. DOI: 10.1016/j.jip.2015.08.010

Khedher SB, Boukedi H, Dammak M, Feki OK, Boudawara TS, Mesrati LA, Tounsi S. 2017. Combinatorial effect of
Bacillus amyloliquefaciens AG1 biosurfactant and Bacillus thuringiensis Vip3Aal6 toxin on Spodoptera littoralis
larvae. J Invert Patho 144 11- 17 DOI 10 1016/] ]Ip 2017 01. 006

Meena KR Sharma A, Kanwar SS. 2020. Antltumoral and Ant|m|crob|a| Acthlty of Surfactin Extracted from Bacillus
subtilis KLP2015. Inter J Peptide Res Therapeu 26(1):423-433. DOI: 10.1007/s10989-019-09848-w

Mishra J, Arora NK. 2018. Secondary metabolites of fluorescent pseudomonads in biocontrol of phytopathogens for
sustamable agrlculture Appl SO|I Ecol125 35 45 DOI lO 1016/J ap50|l 2017 12 004

|Mora I, CabreflgaJ Montesmos E 2015 Cycllc Llpopeptlde blosynthetlc genes and products, and inhibitory activity of
plant-associated  bacillus against phytopathogenic  bacteria. PLoS ONE 10(5): e0127738. DOI:
10.1371/journal.pone.0127738 \

Moro GV, Almeida RTR, Napp AP, Porto C, Pilau EJ, Ludtke DS, Moro, AV, Vainstein MH. 2018. Identification and
ultra-high-performance-liquid chromatography coupled with high-resolution mass spectrometry characterization of
biosurfactants including a new surfactin, isolated from oil-contaminated environments. Micro Biotech 11:759-769.
DOI: 10.1111/1751-7915.13276

Mulligan CN, Sharma SK, Mudhoo A. 2014. Biosurfactants. Research Trends and Applications. CRC Press Boca Raton
Florida. DOI: 10.1201/b16383

Nafidiastri FA, Susetyo RD, Nurhariyati T, Supriyanto A, Geraldi A, Ni’matuzahroh, Fatimah, Salamun. 2021.
Biosurfactant activity of indigenous Bacillus sp. ES4.3 isolated from endemic breeding sites of dengue hemorrhagic
fever vector in Surabaya, East Java, Indonesia. BIODIVERSITAS 2(12):5375-5381. DOI: 10.13057/biodiv/d221219

Ni’matuzahroh, Trikurniadewi N, Pramadita ARA, Pratiwi IA, Salamun, Fatimah, Sumarsih S. 2017. Biodegradation of
naphthalene and phenanthren by Bacillus subtilis 3KP. AIP Conference Proceedings 1854:020026. DOI:
10.1063/1.4985417

Nwaguma LV, Chikere CB, Okpokwasili GC. 2016. Isolation characterization, and application of biosurfactant by
Klebsiella pneumonia strain IVN51 isolated from hydrocarbon-polluted soil in Ogoniland, Nigeria. Bioresour Bioproc
3(1):1-13. DOI: 10.1186/s40643-016-0118-4

Pearson WR. 2013. An Introduction to Sequence Similarity (“Homology™) Searching. Curr Protoc Bioinfor 42(1). DOI:
10.1002/0471250953.bi0301542

Pele MA, Ribeaux DR, Vieira ER, Souza AF, Luna MAC, Rodriguez DM, Andrade RFS, Alviano DS, Alviano CS,
Barreto-Bergter E, Santiago ALCMA, Campos-Takaki GM. 2019. Conversion of renewable substrates for biosurfactant
production by Rhizopus arrhizus UCP 1607 and enhancing the removal of diesel oil from marine soil. Electron J Biotech
38:40-48. DOI: 10.1016/J.EJBT.2018.12.003

Pereira JFB, Gudina EJ, Costa R, Vitorino R, Teixeira JA, Coutinho JAP, Rodrigues LR. 2013. Optimization and
characterization of biosurfactant production by Bacillus subtilis isolates towards microbial enhanced oil recovery
applications. Fuel 111:259-268. DOI: 10.1016/j.fuel.2013.04.040

Plaza G, Chojniak J, Rudnicka K, Paraszkiewicz K, Bernat P. 2015. Detection of biosurfactants in Bacillus species: genes
and products |dent|f|cat|on JApp Mlcro 119:1023- 1034 DOI 10. llllljam 12893

Commented [RD35]: We agree to delete this reference, but we
add new reference

Commented [RD36]: We agree to delete this reference, but we
add new reference

Commented [RD37]: We agree to delete this reference, but we
add new reference

[ Commented [RD38]: We added this new reference

egzegomozm\

|Phu|poto IA, Yu Z, Hu B, Wang Y, Ndayisenga F, Li J, Liang H, Qazi, MA. 2020. Production and characterization of
surfactin-like biosurfactant produced by novel strain Bacillus nealsonii S2MT and it's potential for oil contaminated
soil remediation. Microb Cell Fact 19: 145 DOI: 10.1186/512934-020-01402-4‘

Revathi K, Chandrasekaran R, Thanigaivel A, Kirubakaran SA, Sathish-Narayanan S, Senthil-Nathan S. 2013. Effects of
Bacillus subtilis metabolites on larval Aedes aegypti L. Pesticide Biochem Physiol 107:369-376. DOI:
10.1016/j.pestbp.2013.10.005

Safni I, Lisnawita, Lubis K, Tantawi AR, Murthi S. 2018. Isolation and characterization of rhizobacteria for biological

control of root-knot nematodes in Indonesia. J Inter Soc Southeast Asian Agric Sci 24(1):67-81.

Commented [RD39]: We agree to delete this reference, but we
add new reference

[ Commented [RD40]: We added this new reference



https://www.semanticscholar.org/author/Yousef-Rahimi-Kashkouli/1391292526
https://doi.org/10.2202/1556-3758.1939
https://doi.org/10.1016/j.jip.2015.08.010
https://doi.org/10.1016/j.jip.2017.01.006
https://www.researchgate.net/scientific-contributions/A-E-Abdelmonem-2162492823?_sg%5B0%5D=8pmtXT4vxrtN5zhrEQfnpVl5Zpwux8h71g4rRdmSIKXKTXnf40X6X377ObT19MKn-KS02fg._M_nTO_jAJOC_wkGciSeOwQpPSwAwLHmV2ANcydGEnf14DZhiJ6vq2dEc6gtPKADxj2w7s_PQTnpQIDl2x7zkw&_sg%5B1%5D=S4V_-SIppM7_-YdTn_-11y9qNL62f6eOOiX4St--3JeMS-Pv-ZJfOwW2cH3ySpXDsj6MDaY.sNnFPdJ12X1dcZtsTcybpDtFKbnRR1pUcLBE0RAnsOgkaA4gK5n-cpf04caHvykgvUEedRoDqXos1WvMtCH38A
https://www.researchgate.net/scientific-contributions/A-A-R-Helalia-2033070544?_sg%5B0%5D=8pmtXT4vxrtN5zhrEQfnpVl5Zpwux8h71g4rRdmSIKXKTXnf40X6X377ObT19MKn-KS02fg._M_nTO_jAJOC_wkGciSeOwQpPSwAwLHmV2ANcydGEnf14DZhiJ6vq2dEc6gtPKADxj2w7s_PQTnpQIDl2x7zkw&_sg%5B1%5D=S4V_-SIppM7_-YdTn_-11y9qNL62f6eOOiX4St--3JeMS-Pv-ZJfOwW2cH3ySpXDsj6MDaY.sNnFPdJ12X1dcZtsTcybpDtFKbnRR1pUcLBE0RAnsOgkaA4gK5n-cpf04caHvykgvUEedRoDqXos1WvMtCH38A
https://www.researchgate.net/scientific-contributions/HMS-Khalifa-2033093842?_sg%5B0%5D=8pmtXT4vxrtN5zhrEQfnpVl5Zpwux8h71g4rRdmSIKXKTXnf40X6X377ObT19MKn-KS02fg._M_nTO_jAJOC_wkGciSeOwQpPSwAwLHmV2ANcydGEnf14DZhiJ6vq2dEc6gtPKADxj2w7s_PQTnpQIDl2x7zkw&_sg%5B1%5D=S4V_-SIppM7_-YdTn_-11y9qNL62f6eOOiX4St--3JeMS-Pv-ZJfOwW2cH3ySpXDsj6MDaY.sNnFPdJ12X1dcZtsTcybpDtFKbnRR1pUcLBE0RAnsOgkaA4gK5n-cpf04caHvykgvUEedRoDqXos1WvMtCH38A
http://dx.doi.org/10.1016/j.aoas.2012.08.008
https://doi.org/10.1007/s10989-019-09848-w
https://doi.org/10.1016/j.apsoil.2017.12.004
https://doi.org/10.1371/journal.pone.0127738
https://doi.org/10.1371/journal.pone.0127738
https://doi.org/10.1111/1751-7915.13276
https://doi.org/10.1201/b16383
https://doi.org/10.13057/biodiv/d221219
https://doi.org/10.1002/0471250953.bi0301s42
https://doi.org/10.1002/0471250953.bi0301s42
https://doi.org/10.1016/J.EJBT.2018.12.003
https://doi.org/10.1016/j.fuel.2013.04.040
https://doi.org/10.1111/jam.12893
https://doi.org/10.1111/j.1574-6976.2010.00221.x
https://doi.org/10.1111/j.1574-6976.2010.00221.x
https://doi.org/10.1186/s12934-020-01402-4
https://doi.org/10.1016/j.pestbp.2013.10.005
https://doi.org/10.1016/j.pestbp.2013.10.005

Salamun, Fatimah, Fauzi A, Praduwana SN, Ni’matuzahroh. 2021. Larvicidal toxicity and parasporal inclusion of native
Bacillus thuringiensis BK5.2 against Aedes aegypti. J Basic Clin Physiol Pharmacol 32(4):379-384. DOI:
10.1515/jbcpp-2020-0472

Salamun, Ni’matuzahroh, Fatimah, Findawati V, Susetyo RD, Al-Batati N, Nurhariyati T, Supriyanto A. 2020. Prospect
of Native Entomopathogenic Bacilli from Baluran National Park as Biological Control of Dengue Fever Vector. Annals
of Biology 36(2):232-237.

Santos DKF, Rufino RD, Luna JM, Santos VA, Sarubbo LA. 2016. Biosurfactants: Multifunctional biomolecules of the
21st century. Inter J Mol Sci 17(3):401. DOI: 10.3390/ijms17030401

|Sengﬁ1 Demirak MS, Canpolat E. 2022. Plant-Based Bioinsecticides for Mosquito Control: Impact on Insecticide
Resistance and Disease Transmission. Insects. 13(2):162. DOI: 10.3390/insectslSOZOlGZ]

Shafi J, Tian H, Ji M. 2017. Bacillus species as versatile weapons for plant pathogens: a review. Biotechnol Biotechnol
Equip 31(3):446-459. DOI: 10.1080/13102818.2017.1286950

Silva RCFS, de Almeida DG, Rufino RD, Luna JM, Santos VA, Sarubbo LA. 2014. Application of biosurfactants in the

petroleum industry and the remediation of oil spills. Inter J Mol Sci 15:12523-12542. DOI: 10.3390/ijms150712523

0 Bi n iso 1 n ion 1fi ion ng 1anifi nece nta ien Ra Publi :

Srinivasan R, Karaoz U, Volegova M, MacKichan J, Kato-Maeda M, Miller S, Nadarajan R, Brodie EL, Lynch SV. 2015.
Use of 16S rRNA gene for identification of a broad range of clinically relevant bacterial pathogens. PLOS ONE
10(2):e0117617. DOI: 10.1371/journal.pone.0117617

Syaharuddin A, Marzuki, Sumarheni, Evary YM. 2018. Isolation and identification of Bacillus alcalophilus from
Kappaphycusalvarezii and their antibacterial activity against human pathogens. Asian J Microbiol. Biotechnol Environ
Sci 20(1):94-99.

Syed S, Tollamadugu NVKVP, Lian B. 2020. Aspergillus and Fusarium control in the early stages of Arachis hypogaea
(groundnut crop) by plant growth-promoting rhizobacteria (PGPR) consortium. Microbiol Res 240:126562. DOI:
10.1016/j.micres.2020.126562

Théatre A, Cano-Prieto C, Bartolini M, Laurin Y, Deleu M, Niehren J, Fida T, Gerbinet S, Alanjary M, Medema MH,
Léonard A, Lins L, Arabolaza A, Gramajo H, Gross H, Jacques P. 2021. The Surfactin-like lipopeptides from Bacillus
spp.: Natural biodiversity and synthetic biology for a broader application range. Front Bioengin Biotech 9:623701.
DOI: 10.3389%2Ffbioe.2021.623701

Thomas MB (2017) Biological control of human disease vectors: a perspective on challenges and opportunities. BioControl
63(1);61-69. DOI: 10.1007/5s10526-017-9815-y

Umar A, Zafar A, Wali H, Siddique MP, Malik ZA, Ahmed S. 2021. Surfactin-like biosurfactant production and
optimization by Bacillus Subtilis SNW3: Product characterization and its influence on seed development and plant
growth. Research Square 1-18. DOI: 10.21203/RS.3.RS-550205%2FV1

|Uzoigwe C, Burgess JG, Ennis CJ, Rahman PK. 2015. Bioemulsifiers are not biosurfactants and require different screening
approaches. Front Microbiol 6:245. DOI: 10.3389/fmicb.2015.00245\

Verma R, Sharma S, Kundu LM, Pandey LM. 2020. Experimental investigation of molasses as a sole nutrient for the
production of an alternative metabolite biosurfactant. J Water Proc Engine 38:101632. DOI:
10.1016/J.JWPE.2020.101632

Yadav AN, Sachan SG, Verma P, Saxena AK. 2016. Bioprospecting of plant growth promoting psychrotrophic Bacilli

from the cold desert of north western Indian Himalayas. Indian J Exp Biol 54(2):142-150.

A\ A a) V| o a A N Ja) A\ A_O A 010) Han

Mante

Zhu Z, Zhang B, Chen B, Cai Q, Lin W. 2016. Biosurfactant production by marine-originated bacteria Bacillus subtilis
and Its application for crude oil removal. Water Air Soil Pollutant 227:328. DOI: 10.1007/s11270-016-3012-y

[

Commented [RD41]: We added this new reference

|

Commented [RD42]: We agree to delete this reference, but we
added new reference

|

Commented [RD43]: We added this new reference

Commented [RD44]: We agree to delete this reference, but we
add new reference



https://pubmed.ncbi.nlm.nih.gov/?term=Santos%20DK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rufino%20RD%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Luna%20JM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Santos%20VA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sarubbo%20LA%5BAuthor%5D
https://doi.org/10.3390/ijms17030401
http://dx.doi.org/10.1080/13102818.2017.1286950
http://dx.doi.org/10.3390/ijms150712523
http://dx.doi.org/10.4172/2157-7463.1000124
https://doi.org/10.1371/journal.pone.0117617
https://doi.org/10.1016/j.micres.2020.126562
https://doi.org/10.1016/j.micres.2020.126562
https://doi.org/10.3389%2Ffbioe.2021.623701
http://dx.doi.org/10.1007/s10526-017-9815-y
https://doi.org/10.21203/RS.3.RS-550205%2FV1
https://doi.org/10.1016/J.JWPE.2020.101632
https://doi.org/10.1016/J.JWPE.2020.101632
https://pubmed.ncbi.nlm.nih.gov/?term=Sachan+SG&cauthor_id=26934782
https://pubmed.ncbi.nlm.nih.gov/?term=Verma+P&cauthor_id=26934782
https://pubmed.ncbi.nlm.nih.gov/?term=Saxena+AK&cauthor_id=26934782
https://pubmed.ncbi.nlm.nih.gov/?term=Saxena+AK&cauthor_id=26934782
https://doi.org/10.1021/la904637k
https://doi.org/10.1007/s11270-016-3012-y

3/27/23, 10:26 AM Salamun Salamun, Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1, as a potential biocontrol bacteria isolat...

Blodiversitas Joeurnal of Biological Diversity Tasks 2 © English & View Site @ salamun

13658 / Salamun / Biosurfactant production of entomopathc Library

Submissions Workflow Publication
Submission Review Copyediting
Production
Round 1 Round 2 Round 3 Round 4
Round 5

Round 3 Status

New reviews have been submitted and are being considered by

the editor.
Notifications
[biodiv]_Editor Decision 2023-01-3101:11 PM
[biodiv]_Editor Decision 2023-02-24 10:29 AM
[biodiv]_Editor Decision 2023-03-21 12:05 AM
[biodiv]_Editor Decision 2023-03-24 12:08 AM
[biodiv]_Editor Decision 2023-03-24 04:11 AM
Reviewer's Attachments Q Search

https://smujo.id/biodiv/authorDashboard/submission/13658 1/3



3/27/23, 10:26 AM

Blodiversitas Joeurnal of Biological Diversity

Tasks

2

@ English

1075846-1-4-20230227.doc

Revisions

> 1077865-1
Revision_A_Article Text-13658-

Article Text,

1077700-1-5-20230320.doc

Review Discussions

Name

» Answer to

Reviewer |

biodiv

» Answer to

Reviewer A

» Final

Revision to

Reviewer A

Uncorrected

Proof

https://smujo.id/biodiv/authorDashboard/submission/13658

From

salamun
2023-02-27
05:28 AM

editors
2023-03-21
04:06 AM

salamun
2023-03-23
03:45 AM

salamun
2023-03-24
02:15 AM

dewinurpratiwi

2023-03-26
10:04 AM

dewinurpratiwi

2023-03-26
10:06 AM

& View Site

20,
2023

Q, Search

Last
Reply

March
23,
2023

Upload File

Article
Text

Add discussion

Replies

& salamun

Closed

Salamun Salamun, Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1, as a potential biocontrol bacteria isolat...

2/3



3/27/23, 10:26 AM Salamun Salamun, Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1, as a potential biocontrol bacteria isolat...

Blodiversitas Joeurnal of Biolegical Diversity Tasks 2 © English & View Site @ salamun

Platform &
workflow by

OJS/ PKP

https://smujo.id/biodiv/authorDashboard/submission/13658 3/3



Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1,
as a potential biocontrol bacteria, isolated from Baluran National
Park, East Java, Indonesia

Abstract, BUsing-biosurfactants as biocontrol agents have received much attention for pest control and disease vectors. The research
|aimed to identify] the species and genetic relationship, hemolytic activity, detect detection-of-coding genes, and trial production of |
biosurfactants on various substrates| of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in Baluran National Park, East |

- The |results of the molecular
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identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method of-for Bacillus sp. BK7.1 has a
genetic similarity of 98.68% with B. subtilis subsp. jnaquosorum strain BGSC 3A28. Screening showed positive hemolytic activity
results, reduced surface tension, and-increased emulsification activities, and the production ofpreduced biosurfactant in glucose,
glycerol, and molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding surfactin
biosynthesis, giving it the potential bacteria—to produce bioinsecticide compounds. [Based on these studie# the indigenous
entomopathogenic B. subtilis BK7.1 can be developed as environmentally friendly microbial bioinsecticides for pest control and
disease vectors.

Keywords: Biosurfactant production, crop protection, entomopathogenic Bacillus subtilis BK7.1, hemolytic activity, srfAA-srfAD
gene.,

Running Title: Biosurfactant production of Bacillus subtilis BK7.1

A

JINTRODUCTION

Controlling insect pests and insect vectors with chemical insecticides is widely broadly-used (Safni et al. 2018).
However, chemical insecticides have a negative impact on disease vector control and pest control because they causeit
causes insect resistance (Sengiil et al. 2022). Biocontrol methods are available ebtainable-to resolve these problems.
Entomopathogens are natural enemies that can produce toxic metabolites against insect pests and plant
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insect-pests-and-plants-pathegen. Biocontrol methods can be used as an alternative to fighting diseases transmitted by
vector mosquitoes, plant pathogens, and insect pests. This method does not cause pollution and is environmentally
friendly (Thomas 2017).

Biocontrol agents using Bacillus strains are methods that have been widely developed because they are proven to be
environmentally friendly (ttps://doi.org/10.3390/microorganisms8020232; https://www.nature.com/articles/s41598-
021-93285-7, Bergamasco et al. 2013, Syaharuddin et al. 2018). A Ggroup of bacteria, fungi, and yeasts have produced

biosurfactants (Santos et al. 2018). Several groups of microbes can synthesize biosurfactants, which can be used to

surfactants-(Moro et al. 2018). The biosurfactant produced by Bacillus is one of the entomopathogenic mechanisms that
have caused the death of insects. Biosurfactants are unique microbial metabolites that appear in biological action against
plant pathogens and insect pests.

Biosurfactants have many interesting features, such as high levels of biodegradability and optimal activity under
extreme conditions (Khedher et al. 2017). Following previous studiesy, B. subtilis, B. amyloliquefaciens, and B,

velezensis produces biosurfactant and are efficient to-be-biocontrol agents against different targets (Revathi et al. 2013,
Nafidiastri et al. 2021), Bacillus sp. is able to synthesize lipopeptide biosurfactants, such as surfactin, fengicin, and iturin

(Théatre et al. 2021). Surfactin consists of 7 amino acids bonded to a carboxyl group and a fatty acid hydroxyl group at
carbon atoms number 12-16, synthesized by a complex mechanism, catalyzed by Nonribosomal Peptide Synthetase
(NRPS) and encoded by the srfA operon, Surfactin can suppress plant diseases through strong biosurfactant activity
(Cawoy et al. 2014) by inhibiting bacterial growth, lysing cell membranes or destroying them through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by promoting colonization of beneficial bacteria (Jia et al. 2015), and
triggering systemic resistance (Cawoy et al. 2014). Biosurfactants have been applied in various industrial and petroleum
fields (Nwaguma et al. 2016, Pele et al. 2019, Gomaa et al. 2019). Biosurfactants are lower in toxicity, more
biodegradable and environmentally friendly, harmless, and work more specifically (De Almeida et al. 2016, Chaves et al.
2018, Gayathiri et al. 2022). Biosurfactants are stable and efficient under unfavorable salinity, pH and temperature
conditions often encountered in the petroleum industry (Silva et al. 2014). Biosurfactants can reduce surface and
interfacial tension, as well as suitable emulsifiers and dispersing agents and are widely used in the industrial sector
(Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus are still being carried out to find the safest way to control
disease vectors caused by mosquitoes. The results of screening tests for potential initial toxicity against A. aegypti larvae
have reported that 68 entomopathogenic Bacillus sp. has-have been isolated from 30 natural soil samples with potential
status variations from low to very high. In the affirmation test, there were three isolates coded BK7.1, BK7.2, and BK5.2,
with the highest entomopathogenic potential status, larval mortality rates at 48 hours of exposure were 93, 87 and 70%,
thuringiensis BK5.2 which produces an entomopathogenic cry toxin (Salamun et al. 2021). The-during-the- identification
of Bacillus sp. BK7.1 has been carried out through morphological and physiological characterization (Salamun et al.
2020). It is necessary to carry out molecular identification and mechanism of action of Bacillus sp. BK7.1 as an
entomopathogenic bacteria. Genetic characteristics were used in this study to determine the species and their
relationships in the phylogenetic tree, as well as the detection of biosurfactant coding genes and the screening of
biosurfactant activities such as hemolytic activity, surface tension, emulsification activity, and production on various
substrates.ta-thi i eristics i i i i i ies

MATERIALS AND METHODS

Identification 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated according to the Thermo Scientific GeneJet Genomic DNA
Purification Kit, visualized under ultraviolet by electrophoresis, purity and concentration with a Thermo Scientific
Multiskan GO Microdroplet Spectrophotometer; purity was calculated by the ratio between the values of 260 nm and 280
nm in the DNA samples (Meena et al. 2020). Amplifying genomic DNA of Bacillus sp. BK7.1 utilized 16S rRNA
primers (27f and 1492r), examined by electrophoresis on 1% agarose gel followed by ethidium bromide (EtBr) dye and
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visualized under ultraviolet light, then purified and sequenced. Amplicon result was then aligned and contigs were
developed from the sequences using the BioEdit Sequence Alignment Editor software for Windows. The 16S rRNA
nucleotide sequence was aligned with 16S rRNA gene sequences from other microorganisms published in GenBank.
Genetic similarity was determined to contig alignment and phylogenetic tree construction using the Program of Mega 7.
The phylogenetic tree was designed by inputting FASTAs from BLAST species (Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three methods, hemolytic activity, surface tension value, and
emulsification activity. Hemolytic activity using blood agar media inoculated with Bacillus sp. BK7.1 by spots method
and incubated for two days at room temperature and zone of inhibition observed around the colony. Surface tension was
measured with Du Nouy Tensiometer, with 50% Tween 20 as a positive control and Nutrient Broth as a negative control.
The decrease in the surface tension value of 10 mN/m indicated the potential to produce biosurfactants. The
emulsification activity was measured by inserting a 2 mL supernatant fraction and kerosene in a test tube. This mixture
was stirred on Vortex Mixer for 1 minute, incubated for 24 hours at room temperature, and measured after the emulsion
height was stable. The percentage (%) of the emulsion layer height (cm) divided by the total solution height was
calculated as the emulsion index value (E24).

Detection srfAA and srfAD surfactin gene

Amplification of the srfAA and srfAD surfactin genes of Bacillus sp. BK7.1 using primers selected according to the
literature. Electrophoresis and visualization were performed under UV Transluminator. Forward primer F-5'
TCGGGACAGGAAGACATCAT 3' and reverse primer R-5' CCACTCAAACGGATAATCCTGA 3' for srfAA gene
(Mora et al. 2020). Forward primer F-5° ATGAGCCAACTCTTCAAATCATTTG 3’ and reverse primer R-5’
TCACGATTGAATGATTGGATGCT 3’ for srfAD gene. The amplicons were aligned and developed from the
sequences by the BioEdit Sequence Alignment Editor for Windows software. The nucleotide sequences are translated
into a protein to be formed. The translation of the nucleotide sequence aligned with BLASTp from the other Bacillus,
which has been published on GenBank.

Biosurfactant production

The biosurfactant production activity begins by providing synthetic mineral water (SMW), by dissolved one by one, 3 g
(NH4)2S04, 10 g NaCl, 0.2 g MgSO4.7H20, 0.01 g CaCl2, 0.001 g MnSO4.H20, 0.001 g H3BO3, 0.001 g
ZnS0O4.7H20, 0.001 g CuSO4.5H20, 0.005 g CoCl2.6H20, and 0.001 g NaM004.2H20 into 900 mL distilled water,
respectively. The elements phosphate and iron are made separately. The phosphate elements dissolved 5 g of KH2PO4
and 2 g of K2HPO4 into 50 mL of distilled water, while the iron element dissolved 0.0006 g of FeSO4.7H20 into 50 mL
of distilled water, respectively. The phosphate and iron elements were sterilized using an autoclave for 15-20 minutes at
121°C with 1 atm.

A 250 mL culture bottle was prepared to be filled with 86.4 mL of SMW and added 2% substrates (glucose, glycerol,
molasses) solution, was homogenized and ensured that the pH was 7.0. The culture vial was sterilized by autoclave for
15-20 minutes at 121°C 1 atm. After sterilization, the culture was cooled at room temperature, then 4.8 mL of phosphate
and iron elements were added. Then each added 4% (4 mL) of bacterial culture with an absorbance value of 0.5 Optical
Density in 650 nm. The culture solution was incubated at room temperature for 96 hours with an agitation of 130 rpm.
Every 24 hours, bacterial biomass, surface tension value, and emulsification activity against diesel and kerosene were
measured until 96 hours incubation.

RESULTS AND DISCUSSION

Results

Identification of 16S rRNA gene

Purity and concentration of DNA genome of Bacillus sp. BK 7.1 obtained a 1.782 and a 31 ng/pL and after being
confirmed with agarose gel electrophoresis 1% in Fig. 1. Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA
nucleotide sequence, which similarity to Bacillus subtilis subsp. inaquosorum strain BGSC 3A28, homology level of
98.68% (Table 1).
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Fig. 1 The electrophoresis results of DNA genome (a) and 16S rRNA gene (b) of Bacillus sp. BK7.1 on 1% agarose gel. Descriptions:
M 100 bp DNA marker, S sample, S1 sample of DNA genome, S2 sample of 16SrRNA gene

Table 1 The species of Bacillus sp. BK7.1 based on approach 16S rRNA gene with Basic Local Alignment Search Tools (BLAST)
program

. . Query
0,
No.  Species Accession No. E value %ID Cover (%)
Bacillus subtilis subsp. inaquosorum
1 strain BGSC 3A28 NR_104873.1 0.0 98.68 99
2 Bacillus subtilis strain DSM 10 NR_027552.1 0.0 98.61 99
3 Bacillus subtilis strain JCM 1465 NR_113265.1 0.0 98.61 99

The phylogenetic analysis results where Bacillus sp. BK7.1 and some strain of known Bacillus are presented in Fig.
2. The closest relative of Bacillus sp. BK7.1 is a strain of Bacillus subtilis strain SBMP4, and this grouping only shows
the closeness of the strains based on the similarity of the 16S rRNA sequence, and does not describe the ability to
produce biosurfactants, especially surfactin.

TR 1183831 Bacilus subtilis strain SEMP4 163 tibosomal RIA partial sequence
 Lsolat Bacdlus sp. BK 7.1
IR 1048731 Bacdlus subtths subsp. maquosorum stram BGSC 3428 163 nhosomal RNA partal sequence
TR 104919.1 Bacilus tequilensis strain 10b 165 rbosomal RITA partial sequence
TR 112686.1 Bacilus sublilis subsp. spizizeni stram NERC 101239 165 nbosomal RIA partial sequence
3 TR 113994 1 Bacilus vallsmortis strain NERC 101236 165 nbosomal RIA partial sequence
NE. 027552.1 Bacilus subtis strain DSM 10 165 thosomal RIA partial sequence
TR 112629 1 Bacilus subtilis strain NERC 13719 165 rhosomal RNA partial sequence
TR 113265.1 Bacilus subtiis straim JCM 1465 165 nbosomal RITA partial sequence
o NE. 112116.2 Bacilus subtilis strain TAM 12118 165 ribosotnal RITA complete sequence
ki TR 1160171 Bacilus subtilis strain BCRC 10235 163 tibosomal RIVA partial sequence
,—N'R 102733 2 Bacilus subtilis subsp. subtils stram 168 165 nbosomal RNA complete sequence
w7l MR 075005.2 Bacdlus velezensis stran FZBA2 165 rbosormal RA complete sequence
R, 024570, 1 Escherichin ol strain T 3141 163 sibosomel RNA paril sequence | Outgronp

I

Fig. 2 Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli
as an outgroup species.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen in Fig. 3. The surface tension value of the supernatant fraction of
B. subtilis BK7.1 of 49.17 mN/m can be seen in Table 2. When compared with the surface tension value of the control in
the form of distilled water and the control media of Nutrient Broth (NB), the value of the culture supernatant of B.
subtilis BK7.1 experienced a decrease in surface tension value of 15.21 mN/m from the NB media control and 22.83


https://www.ncbi.nlm.nih.gov/nucleotide/NR_104873.1?report=genbank&log$=nucltop&blast_rank=1&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_027552.1?report=genbank&log$=nucltop&blast_rank=2&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113265.1?report=genbank&log$=nucltop&blast_rank=3&RID=ANP2AB3B013

mN/m from the distilled water control. The emulsification index value of the supernatant B. subtilis BK7.1 of 18.02%,
which is left for one hour while after 24 hours the emulsification index value becomes 25.53%, where it has decreased by
21.92% (Fig. 4). The emulsification index value indicates the stability of the emulsion and lines that produce values

above 50%.

Fig. 3 Screening biosurfactant using hemolytic activity in Bacillus subtilis BK7.1 on blood agar plate media. Descriptions: a isolate, b
clear zone around the colony, ¢ blood agar plate, R Replicates.

Table 2. Value of surface tension (mN/m) of supernatant fraction of Bacillus subtilis BK7.1 on treatment variation

Surface Tension

Treatment

Control of sterile water 72
Control of Nutrient Broth (NB) medium, room temperature, pH = 7 64.38
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 hours), room temperature, pH = 8 49.17
A Surface tension of supernatant of Bacillus subtilis BK7.1 against sterile water 22.83
A Surface tension of supernatant of Bacillus subtilis BK7.1 against NB medium 15.21

Fig. 4 The emulsification activity of supernatant Bacillus subtilis BK7.1 on the kerosene substrate. Descriptions: a kerosene, b
emulsion, c isolate, (a) 1 hour of exposure, (b) 24 hours of exposure.

Detection srfAA and srfAD surfactin gene

The encoding gene of surfactin discovered sizes scale 201 bp, expected as srfAA gene, and 723 bp expected as srfAD
gene (Fig. 5). In Table 3 showed that the similarity results, which have a value of 91.04% because there are several
differences in amino acids possessed by B. subtilis BK 7.1 and other strains of B. subtilis. This can be caused by the

presence of gene diversity even in the same B. subtilis group.



Fig. 5 The electrophoresis results of srfAD (a) and srfAA (b) surfactin gene amplification of Bacillus subtilis BK7.1. Description: M
100 bp DNA marker, SA sample of srfAA surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp

Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus
subtilis BK 7.1

Query

i . : 0
No.  Protein Species Accession No. E value %ID Cover (%)

surfactin non-ribosomal  Bacillus subtilis

L peptide synthetase sSrfAA  inaquosorum WP_060397903.1  9e-34  91.04 100
2 su_rfactln biosynthesis Bacillus subtilis WP 0757501641 5e-178 9917 99
thioesterase SIfAD group -

Biosurfactant production
Biosurfactant productions of B. subtilis BK7.1 on glucose, glycerol, and molasses substrates can be detected through a
bacterial growth curve, surface tension value, and emulsification activity (Fig. 6). The growth activity of B. subtilis
BK7.1 showed on various substrates in Fig. 6a. The isolates had grown well on SMW media with the addition of glucose,
glycerol, and molasses as substrates. On glucose substrate with up to 72 h incubation, isolates still showed an exponential
phase, and 96 h incubation entered the stationary phase, as well as on glycerol substrate. On molasses substrate, it still
showed an exponential phase until 96 h incubation.

The results showed that the emulsification activity of B. subtilis BK7.1 on the three substrates tended to increase up to
96 hours of incubation (Fig. 6bc), which proved that the isolate produced surfactin. On glucose substrate, the highest
emulsification activity occurred at 96 hours of incubation. Decreased in surface tension values are shown in Fig. 6d.
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Fig. 6 Biosurfactant productions of Bacillus subtilis BK7.1 on glucose, glycerol, and molasses substrates, incubation period 0-, 24-,
48-, 72-, 96-hours. Descriptions: a cells density, b emulsification activity (1 hour), ¢ emulsification activity (24 hours), d surface
tension value

Discussions
The electrophoresis results from 16S rRNA gene amplification of Bacillus sp. BK7.1 showed a band over 1500 bp in size

(Fig. 1). Bacillus sp. BK7.1 has a 98.68% similarity to Bacillus subtilis subsp. inaguosorum strain BGSC 3A28

based on molecular identification.Based-on-moelecular-identification,-BaciHus-sp—BKZ-1-w arity-to-Bacilu

ubtilis-subsp—ina i y-level 6f-98.68%. The gene of 16S rRNA can be used for the
identification of microorganisms because it is one of the genes with specific characteristics (Pearson 2013). The 16S
RNA gene sequencing is a fast and accurate method for bacterial identification. Bacteria represent the same genus if they
have a similarity index above 95% and the same species above 97% (Johnson et al. 2019, Srinivasan et al. 2015). The
similarity is less than 100% because there are variations in amino acid sequences that affect the genotypic character but
do not affect the phenotypic character (Johnson et al. 2019).

Research has showneenducted that B. subtilis strain SBMP4 can control pathogenic fungi such as Aspergillus and
Fusarium in early Arachis hypogea plants (Syed et al. 2020). Bacillus has adapted to and grown in extreme
environmental conditions, forms endospores that are resistant to stress, and secreteshas-secreted-various secondary
metabolites such as surfactin (Shafi et al. 2017). Another essential characteristic is the abundance of secondary
metabolites and moderate dietary requirements with a fast growth rate (Yadav et al. 2016, Mishra and Arora 2018).
Surfactin produced by B. subtilis is one of the most effective biosurfactants. Surfactin reduced the surface tension of
water up to 27 mN/m, with a critical micelle concentration of 0.01 g/L and high emulsification activity and has shown
antimicrobial, antiviral, and antitumor activity (Gudina et al. 2013, Gudina et al. 2016).

Controlling insects can use biosurfactants introduced as an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain can kill adult mosquitoes. The hemolytic activity of B. subtilis
BK7.1 can be seen in Fig. 3. The clear zone on the hemolytic activity test by biosurfactants has caused lysis of the red
blood cell membrane, and the cells secrete hemoglobin. The hemolytic activity occurs through two different mechanisms,

IS

Cells Density (0D,,.)

g2

fication Activity
z

hour, in %)

g

e

Commented [SS6]: We have changed Fig. 6 is colorless,
according to the guidelines for the author

£}

3

s 8

eouw e

Emulsification activity
3

-
5

o

5 2 29 3 2
g 88 ¢ 3

Surface Tention (mN/m)
=

°

Glucose Glycerol Molasses

d

24 48 72 96
Incubation Time (hours)




at a high concentration occur, cell membrane lysis, and at low concentrations increase, membrane permeability to solutes
it will causes osmotic lysis (Zaragosa et al. 2010). The inhibition zone formed in the observation of hemolytic activity
indicates a biosurfactant production process; the larger the lysis diameter of blood agar, the higher the biosurfactant
concentration (Singh 2012).

Bacteria can produce biosurfactants if they can reduce surface tension values by > 10 mN/m (de Oliveira et al. 2021).
The surface and interfacial tension decrease is caused by the presence of hydrophobic and hydrophilic groups in the
biosurfactants, where these compounds can accumulate between the liquid phases (Kapadia and Yagnik 2013). The
entomopathogenic activity of biosurfactants against A. aegypti is caused by surfactin produced by B. subtilis. Surfactin
triggers the surface tension of the water, causing a lack of oxygen underwater. The concentration of O, causes the larval
spiracles of A. aegypti to open so that it can cause the insect death. In addition, surfactin can be very active against pH,
temperature around 25-42°C, and UV stability, making it enjoyable to develop as a larvicidal agent (Guimaraes et al.
2019).

The emulsification index value of B. subtilis BK7.1 is a low category. Lipopeptides such as surfactin consist of
cycloheptapeptides with amino acids attached to fatty acids of a different chain. This chemical structure causes surfactin
to be amphiphilic and able to mix in both polar and non-polar solvents, while this amphiphilic structure allows surfactin
to form emulsions. The characteristics of surfactin are involved in cell attachment and cause membrane disruption (Chen
et al. 2022). The ability of surfactin to bind Ca?* causes a conformational change in the peptide cycle and allows it to be
incorporated into the phospholipid bilayer (Khedher et al. 2015, Khedher et al. 2017).

The emulsification activity of B. subtilis BK7.1 in 1-hour observation tends to decrease compared to 24 hours
observation. This difference has shown that the emulsion is unstable because the isolate produces biosurfactants which
act as active surface molecules only in decreasing surface tension. Based on molecular weight, biosurfactants have been
classified into low and high molecular weight biosurfactants. Low molecular weight biosurfactants, including
glycolipids, phospholipids, and lipopeptides, are efficient in reducing surface tension. Meanwhile, high molecular weight
biosurfactants, such as proteins, lipopolysaccharides, lipoproteins or complex mixtures of these biopolymers, are more
effective in stabilizing oil-in-water emulsions as emulsifiers (Uzoigwe et al. 2015). This result is supported by the fact
that the biosurfactant produced by B. subtilis 21332 has shown high emulsification activity values on glucose substrates
up to 55.2% (Zhu et al. 2016). In contrast to the reported that value of the emulsification activity of B. subtilis 573 to
27.1%, with the addition of 1% bacterial culture concentration (Pereira et al. 2013), while in this study, the addition of
4%. Differences in the addition of culture affect the activity of biosurfactants produced by bacteria. The higher the
concentration of bacterial culture added to the media, the density of bacteria in the substrate also increases and affects the
speed of using the available substrate to produce biosurfactants.

Bacillus species have srfAA gene, which encodes phosphopantetheinyl transferase and contributes to the
nonribosomal biosynthesis of surfactin (Plaza et al. 2015). The nonribosomal peptide synthetase complex is coded by
srfAA and srfAD gene known as surfactin synthetase. The srfAA and srfAD genes have contributed to the control of
surfactin biosynthesis gene expression. The 4-phosphopantetheinyl transferase is an activating enzyme for the srfA
multienzyme complex. The srfAA, srfAB, srfAC, and srfAD genes are involved in the assembly of heptamodular non-
ribosomal peptide (NPRS) synthesis in which the modular enzyme contains a typical N-terminal in the CLP-BGCs
domain and acylates the first amino acid, glutamine with various 3-OH fatty acids derived from of primary metabolism
(Théatre et al. 2021). The surfactin gene transforms surfactin synthetase into an active form. The production of
biosurfactants especially surfactin, that have Bacillus influenced by srfAA and srfAD gene (Plaza et al. 2015). The Table
3 showed that the similarity results have a value of 91.04%, because there are several differences in amino acids
possessed by B. subtilis BK 7.1 and other strains of B. subtilis. The presence of gene diversity can cause this even in the
same B. subtilis group.

The results of this study have also reported that there are differences in the production of biosurfactants. The higher
emulsification activity from B. subtilis 573 to 48.4% (Pereira et al. 2013), B. subtilis 21332 up to 55.2% (Zhu et al.
2016), and B. subtilis N3-4P up to 38.3% (Zhu et al. 2016) on mineral salt media containing using different carbon
sources than glycerol. [The production of biosurfactant by Bacillus nealsonii S2M in glycerol substrate has been able to
emulsify various hydrocarbons in 55% (Phulpoto et al. 2020).|

Biosurfactant production of B. subtilis BK7.1 observed through surface tension values is shown in Fig. 6d. Glucose
and sucrose substrates have been reported as the best carbon sources for the biosurfactant production process by the
Bacillus group (Abdel-Mawgoud et al. 2008). B. subtilis BK7.1 reduced the surface tension up to 51.47 mN/m at 48 h
incubation. B. subtilis B30, in 2% glucose substrate has the lowest surface tension value (25.56 mN/m) (Al-Wahaibi et al.
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2014). The difference in surface tension reduction is caused by different species and strains of bacteria, as well as the
level of their ability to utilize various substrates. Variations in nucleotide sequences between bacteria species affect the
formation of biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h, and
54.36 at 72 h incubation, respectively. B. subtilis N3-4P has grown better on glycerol substrate than glucose, hexadecane,
and diesel. This B. subtilis N3-4P decreased the surface tension to 27.8 mN/m on glycerol substrate (Zhu et al. 2016).
The same has been reported that the difference in the value of the decrease in surface tension by B. subtilis 309, B.
subtilis 311, and B. subtilis 573 on glycerol and glucose substrates, with the value of the decrease in surface tension on
glycerol substrates 29.7, 30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0, and 29.5 mN/m, respectively
(Pereira et al. 2013).

The value of the surface tension of B. subtilis BK7.1, on molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633 up
to 30.48 mN/m (Kashkouli et al. 2011), and B. subtilis RSL-2 up to 24.09 mN/m (Verma et al. 2020). This difference has
been due to the influence of various concentrations of molasses substrate, B. subtilis BK7.1 used 2% molasses, B. subtilis
ATCC 6633 used 3% molasses (Kashkouli et al. 2011), and B. subtilis RSL-2 used 5% molasses (Verma et al. 2020). In
addition, the efficiency of biosurfactant production by B. subtilis 3KP with molasses substrate is influenced by the
instability of the biosurfactant product. Differences in composition and nutrient content in molasses, suspected related to
the processing of sugar from the molasses (Ni’matuzahroh et al. 2017). The difference in sugar content of molasses as the
main carbon source for the growth of B. subtilis 3KP bacteria has affected the productivity of biosurfactant production
(Ni’matuzahroh et al. 2017).

Indigenous entomopathogenic B. subtilis BK7.1 isolated from Baluran National Park, East Java, Indonesia, 98.68%
similarity to B. subtilis subsp. inaquosorum strain BGSC 3A28. The results of screening for biosurfactant activity showed
positive hemolytic activity, decreased surface tension, and increased emulsification activity. The srfAA and srfAD genes
were detected encoding surfactin, which has the capacity for biosurfactant production on various glucose, glycerol, and
molasses substrates. B. subtilis BK7.1 produced biosurfactant, the potential to develop for environmentally friendly
biocontrol agent for biopesticides in agriculture and disease vector control in public health.
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Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1,
as potential biocontrol bacteria, isolated from Baluran National Park,
East Java, Indonesia

Abstract. Biosurfactants as biocontrol agents have received much attention for pest control and disease vectors. The research aimed to
identify the species and genetic relationship, hemolytic activity, detect coding genes, and trial production of biosurfactants on various
substrates of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in Baluran National Park, East Java, Indonesia.
Biosurfactant screening was carried out by testing hemolytic activity, surface tension, and emulsification activities, detecting coding
genes of biosurfactant biosynthesis, and testing biosurfactant production in various substrates. The results of the molecular
identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method for Bacillus sp. BK7.1 has a
genetic similarity of 98.68% with B. subtilis subsp. inaquosorum strain BGSC 3A28. Screening showed positive hemolytic activity
results, reduced surface tension, increased emulsification activities, and the production of biosurfactant in glucose, glycerol, and
molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding surfactin biosynthesis,
giving it the potential to produce bioinsecticide compounds. Based on these studies, the indigenous entomopathogenic B. subtilis
BK?7.1 can be developed as environmentally friendly microbial bioinsecticides for pest control and disease vectors.

Keywords: Biosurfactant production, crop protection, entomopathogenic Bacillus subtilis BK7.1, hemolytic activity, srfAA-srfAD
gene.

Running Title: Biosurfactant production of Bacillus subtilis BK7.1

INTRODUCTION

Controlling insect pests and insect vectors with chemical insecticides is used widely all around the globe (Safni et al.
2018). However, the chemical insecticides have a negative impact on control of disease vector and pest because they
cause insect resistance (Sengiil et al. 2022). There are a number of biocontrol methods available to resolve these
problems. Entomopathogens are natural enemies that can produce toxic metabolites against insect pests and plant
pathogens. Biocontrol methods can be used as an alternative in fighting diseases transmitted by vector mosquitoes, plant
pathogens, and insect pests. These methods do not cause pollution and are environmentally friendly (Thomas 2017).

Biocontrol agents using Bacillus strains are methods that have been widely developed because they are proven to be
environmentally friendly (Abdel-Aziz et al. 2020, Bergamasco et al. 2013, Syaharuddin et al. 2018, Qureshi et al. 2021).
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IA group of bacteria, fungi, and yeasts have produced biosurfactants are capable of producing biosurfactants with
different surface activities and molecular structures kSantos et al. 2018). Several groups of microbes can synthesize
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biosurfactants, which can be used to replace non-biodegradable and non-environmental friendly synthetic surfactants
(Moro et al. 2018). The biosurfactant produced by Bacillus is one of the entomopathogenic mechanisms that have caused
the death of insects. Biosurfactants are unique microbial metabolites that appear in biological action against plant
pathogens and insect pests.

Biosurfactants have many interesting features including high levels of biodegradability and optimal activity under
extreme conditions (Khedher et al. 2017). Following previous studies, Bacillus subtilis, B. amyloliquefaciens, and B.
velezensis produce biosurfactant and are efficient biocontrol agents against different targets (Revathi et al. 2013,
Nafidiastri et al. 2021). Bacillus sp. is able to synthesize lipopeptide biosurfactants, such as surfactin, fengicin, and iturin
(Théatre et al. 2021). Surfactin consists of 7 amino acids bonded to a carboxyl group and a fatty acid hydroxyl group at
carbon atoms number 12-16, synthesized by a complex mechanism, catalyzed by Nonribosomal Peptide Synthetase
(NRPS) and encoded by the srfA operon. Surfactin can suppress plant diseases through strong biosurfactant activity
(Cawoy et al. 2014) by inhibiting bacterial growth, lysing cell membranes or destroying them through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by promoting colonization of beneficial bacteria (Jia et al. 2015), and
triggering systemic resistance (Cawoy et al. 2014). Biosurfactants have been applied in various industrial and petroleum
fields (Nwaguma et al. 2016, Pele et al. 2019, Gomaa et al. 2019). Biosurfactants are lower in toxicity, more
biodegradable and environmentally friendly, harmless, and work more specifically (De Almeida et al. 2016, Chaves et al.
2018, Gayathiri et al. 2022). Biosurfactants are stable and efficient under unfavorable salinity, pH and temperature
conditions often encountered in the petroleum industry (Silva et al. 2014). Biosurfactants can reduce surface and
interfacial tension, as well as suitable emulsifiers and dispersing agents and are widely used in the industrial sector
(Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus spp. are still being carried out to find the safest way to control
disease vectors ftransmitted fcaused-by mosquitoes. The results of screening tests for potential initial toxicity against A.

sentence because of incomplete sentence

|

[Commented [AKG2]: Incomplete line???

)

C ted [RD3]: We change word from "caused by” to

aegypti larvae have reported that 68 entomopathogenic Bacillus sp. which have been isolated from 30 natural soil
samples with potential status variations from low to very high. In the affirmation test, there were three isolates coded
BK7.1, BK7.2, and BKS5.2, with the highest entomopathogenic potential status, larval mortality rates at 48 hours of
exposure were 93, 87 and 70%, respectively (Salamun et al. 2020). Bacillus sp. BK5.2, after molecular identification, has
been identified as B. thuringiensis BK5.2 which produces an entomopathogenic cry toxin (Salamun et al. 2021). The
identification of Bacillus sp. BK7.1 has been carried out through morphological and physiological characterization
(Salamun et al. 2020). It is necessary to carry out molecular identification and mechanism of action of Bacillus sp. BK7.1
as an entomopathogenic bacteria. Genetic characteristics were used in this study to determine the species and their
relationships in the phylogenetic tree, as well as the detection of biosurfactant coding genes and the screening of
biosurfactant activities such as hemolytic activity, surface tension, emulsification activity, and production on various
substrates.

IMATERIALS AND METHODS|

Bacteria and Culture Condition

Bacillus sp. BK7.1 was isolated from Baluran National Park soil samples. This isolate has already been identified«
conventionally such as macroscopic, microscopic, and physiological, was identified as B. sphaericus, but further
identification is needed through 16S rRNA in an effort development of future research like bioinsectiside product
(Salamun et al. 2020). This bacteria was maintained aerobically on NB agar plates and was regularly transferred into
fresh NB medium slant for shortterm storage.|

Identification 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated according to the Thermo Scientific GeneJet Genomic DNA
Purification Kit, visualized under ultraviolet by electrophoresis, purity and concentration with a Thermo Scientific
Multiskan GO Microdroplet Spectrophotometer; purity was calculated by the ratio between the values of 260 nm and 280
nm in the DNA samples (Meena et al. 2020). Amplifying genomic DNA of Bacillus sp. BK7.1 utilized 16S rRNA
primers (27f and 1492r), examined by electrophoresis on 1% agarose gel followed by ethidium bromide (EtBr) dye and
visualized under ultraviolet light, then purified and sequenced. Amplicon result was then aligned and contigs were
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developed from the sequences using the BioEdit Sequence Alignment Editor software for Windows. The 16S rRNA
nucleotide sequence was aligned with 16S rRNA gene sequences from other microorganisms published in GenBank.
Genetic similarity was determined to contig alignment and phylogenetic tree construction using the Program of Mega 7.
The phylogenetic tree was designed by inputting FASTAs from BLAST species (Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three methods, hemolytic activity, surface tension value, and
emulsification activity. Hemolytic activity using blood agar media inoculated with Bacillus sp. BK7.1 by spots method
and incubated for two days at room temperature and zone of inhibition observed around the colony. Surface tension was
measured with Du Nouy Tensiometer, with 50% Tween 20 as a positive control and Nutrient Broth as a negative control.
The decrease in the surface tension value (10 mN/m) indicated the potential to produce biosurfactants. The emulsification
activity was measured by inserting a 2 mL supernatant fraction and kerosene in a test tube. This mixture was stirred on
Vortex Mixer for 1 minute, incubated for 24 hours at room temperature, and measured after the emulsion height was
stable. The percentage (%) of the emulsion layer height (cm) divided by the total solution height was calculated as the
emulsion index value (E24).

Detection srfAA and srfAD surfactin gene

LAmpIification of the srfAA and srfAD surfactin genes of Bacillus sp. BK7.1 was carried out by using primers selected
according to the literature. Electrophoresis and visualization were performed under UV Transluminator. Forward primer
F-5' TCGGGACAGGAAGACATCAT 3' and reverse primer R-5° CCACTCAAACGGATAATCCTGA 3' for srfAA
gene (Mora et al. 2020, [Kim et al. 2020). Forward primer F-5> ATGAGCCAACTCTTCAAATCATTTG 3’ and reverse
primer R-5° TCACGATTGAATGATTGGATGCT 3’ for srfAD gene. The amplicons were aligned and developed from
the sequences by the BioEdit Sequence Alignment Editor for Windows software. The nucleotide sequences are translated
into a protein to be formed. The translation of the nucleotide sequence aligned with BLASTp from the other Bacillus,
which has been published on GenBank|

Biosurfactant production

The biosurfactant production activity begins by providing synthetic mineral water (SMW), by dissolving one by one, 3 g
(NH4)2S04, 10 g NaCl, 0.2 g MgSO4.7H20, 0.01 g CaCl2, 0.001 g MnSO4.H20, 0.001 g H3BO3, 0.001 g
ZnS04.7H20, 0.001 g CuS0O4.5H20, 0.005 g CoCI2.6H20, and 0.001 g NaM004.2H20 into 900 mL distilled water,
respectively. The elements phosphate and iron were made separately. The phosphate elements dissolved 5 g of KH2PO4
and 2 g of K2HPO4 into 50 mL of distilled water, while, the iron element dissolved 0.0006 g of FeSO4.7H20 into 50 mL
of distilled water, respectively. The phosphate and iron elements were sterilized using an autoclave for 15-20 minutes at
121°C with 1 atm.

A 250 mL culture bottle was prepared to be filled with 86.4 mL of SMW and added 2% substrates (glucose, glycerol,
molasses) solution, was homogenized and ensured that the pH was 7.0. The culture vial was sterilized by autoclave for
15-20 minutes at 121°C 1 atm. After sterilization, the culture was cooled at room temperature, then 4.8 mL of phosphate
and iron elements were added. Then each added 4% (4 mL) of bacterial culture with an absorbance value of 0.5 Optical
Density in 650 nm. The culture solution was incubated at room temperature for 96 hrs with an agitation of 130 rpm.
Every 24 hrs, bacterial biomass, surface tension value, and emulsification activity against diesel and kerosene were
measured until 96 hrs incubation.

RESULTS AND DISCUSSION

Results
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Purity and concentration of DNA genome of Bacillus sp. BK 7.1 obtained a 1.782 and a 31 ng/pL and after being
confirmed with agarose gel electrophoresis 1% in Fig. 1. Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA
nucleotide sequence, which similarity to Bacillus subtilis subsp. inaquosorum strain BGSC 3A28, homology level of
98.68% (Table 1).

identification, it is advised to add morphological identification first
and then go for molecular.
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Fig. 1 The electrophoresis results of DNA genome (a) and 16S rRNA gene (b) of Bacillus sp. BK7.1 on 1% agarose gel. Descriptions:
M 100 bp DNA marker, S sample, S1 sample of DNA genome, S2 sample of 16SrRNA gene

Table 1 The species of Bacillus sp. BK7.1 based on approach 16S rRNA gene with Basic Local Alignment Search Tools (BLAST)
program

. . Query
0,
No.  Species Accession No. E value %ID Cover (%)
Bacillus subtilis subsp. inaquosorum
1 strain BGSC 3A28 NR_104873.1 0.0 98.68 99
2 Bacillus subtilis strain DSM 10 NR_027552.1 0.0 98.61 99
3 Bacillus subtilis strain JCM 1465 NR_113265.1 0.0 98.61 99

The phylogenetic analysis results where Bacillus sp. BK7.1 and some strain of known Bacillus are presented in Fig.
2. The closest relative of Bacillus sp. BK7.1 is a strain of Bacillus subtilis strain SBMP4, and this grouping only shows
the closeness of the strains based on the similarity of the 16S rRNA sequence, and does not describe the ability to
produce biosurfactants, especially surfactin.

TR 1183831 Bacilus subtilis strain SEMP4 163 tibosomal RIA partial sequence
 Lsolat Bacdlus sp. BK 7.1
IR 1048731 Bacdlus subtths subsp. maquosorum stram BGSC 3428 163 nhosomal RNA partal sequence
TR 104919.1 Bacilus tequilensis strain 10b 165 rbosomal RITA partial sequence
TR 112686.1 Bacilus sublilis subsp. spizizeni stram NERC 101239 165 nbosomal RIA partial sequence
3 TR 113994 1 Bacilus vallsmortis strain NERC 101236 165 nbosomal RIA partial sequence
NE. 027552.1 Bacilus subtis strain DSM 10 165 thosomal RIA partial sequence
TR 112629 1 Bacilus subtilis strain NERC 13719 165 rhosomal RNA partial sequence
TR 113265.1 Bacilus subtiis straim JCM 1465 165 nbosomal RITA partial sequence
o NE. 112116.2 Bacilus subtilis strain TAM 12118 165 ribosotnal RITA complete sequence
ki TR 1160171 Bacilus subtilis strain BCRC 10235 163 tibosomal RIVA partial sequence
,—N'R 102733 2 Bacilus subtilis subsp. subtils stram 168 165 nbosomal RNA complete sequence
w7l MR 075005.2 Bacdlus velezensis stran FZBA2 165 rbosormal RA complete sequence
R, 024570, 1 Escherichin ol strain T 3141 163 sibosomel RNA paril sequence | Outgronp

I

Fig. 2 Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli
as an outgroup species.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen in Fig. 3. The surface tension value of the supernatant fraction of
B. subtilis BK7.1 of 49.17 mN/m can be seen in Table 2. When compared with the surface tension value of the control in
the form of distilled water and the control media of Nutrient Broth (NB), the value of the culture supernatant of B.
subtilis BK7.1 experienced a decrease in surface tension value of 15.21 mN/m from the NB media control and 22.83


https://www.ncbi.nlm.nih.gov/nucleotide/NR_104873.1?report=genbank&log$=nucltop&blast_rank=1&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_027552.1?report=genbank&log$=nucltop&blast_rank=2&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113265.1?report=genbank&log$=nucltop&blast_rank=3&RID=ANP2AB3B013
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mN/m from the distilled water control. The emulsification index value of the supernatant B. subtilis BK7.1 of 18.02%,
which was left for one hour while after 24 hours the emulsification index value becomes 25.53%, where it was decreased
by 21.92% (Fig. 4). The emulsification index value indicates the stability of the emulsion and lines that produce values
above 50%.

Fig. 3 Screening biosurfactant using hemolytic activity in Bacillus subtilis BK7.1 on blood agar plate media. Descriptions: a isolate, b
clear zone around the colony, ¢ blood agar plate, R Replicates.

Table 2. Value of surface tension (mN/m) of supernatant fraction of Bacillus subtilis BK7.1 on treatment variation

Treatment Surface Tension
Control of sterile water 72
Control of Nutrient Broth (NB) medium, room temperature, pH = 7 64.38
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 hours), room temperature, pH = 8 49.17
A Surface tension of supernatant of Bacillus subtilis BK7.1 against sterile water 22.83
A Surface tension of supernatant of Bacillus subtilis BK7.1 against NB medium 15.21

Fig. 4 The emulsification activity of supernatant Bacillus subtilis BK7.1 on the kerosene substrate. Descriptions: a kerosene, b
emulsion, c isolate, (a) 1 hour of exposure, (b) 24 hours of exposure.

Detection srfAA and srfAD surfactin gene

The encoding gene of surfactin discovered sizes scale 201 bp, expected as srfAA gene, and 723 bp expected as srfAD
gene (Fig. 5). In Table 3 showed that the similarity results, which have a value of 91.04% because there are several
differences in amino acids possessed by B. subtilis BK 7.1 and other strains of B. subtilis. This can be caused by the
presence of gene diversity even in the same B. subtilis group.
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Fig. 5 The electrophoresis results of srfAD (a) and srfAA (b) surfactin gene amplification of Bacillus subtilis BK7.1. Description: M
100 bp DNA marker, SA sample of srfAA surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp

Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus
subtilis BK 7.1

Query

i . : 0
No.  Protein Species Accession No. E value %ID Cover (%)

surfactin non-ribosomal  Bacillus subtilis

L peptide synthetase SrfAA  inaquosorum WP_060397903.1  9e-34  91.04 100
2 su_rfactln biosynthesis Bacillus subtilis WP 0757501641 5e-178 9917 99
thioesterase SIfAD group -

Biosurfactant production
Biosurfactant productions of B. subtilis BK7.1 on glucose, glycerol, and molasses substrates can be detected through a
bacterial growth curve, surface tension value, and emulsification activity (Fig. 6). The growth activity of B. subtilis
BK7.1 showed on various substrates in Fig. 6a. The isolates had grown well on SMW media with the addition of glucose,
glycerol, and molasses as substrates. On glucose substrate with up to 72 hrs incubation, isolates still showed an
exponential phase, and 96 hrs incubation entered the stationary phase, as well as on glycerol substrate. On molasses
substrate, it still showed an exponential phase until 96 hrs incubation.

The results showed that the emulsification activity of B. subtilis BK7.1 on the three substrates tended to increase up to
96 hrs of incubation (Fig. 6bc), which proved that the isolate produced surfactin. On glucose substrate, the highest
emulsification activity occurred at 96 hrs of incubation. Decreased in surface tension values are shown in Fig. 6d.
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Fig. 6 Biosurfactant productions of Bacillus subtilis BK7.1 on glucose, glycerol, and molasses substrates, incubation period 0-, 24-,
48-, 72-, 96-hours. Descriptions: a cells density, b emulsification activity (1 hour), ¢ emulsification activity (24 hours), d surface
tension value

Discussions|
Conventional identification of Bacillus sp. BK7.1 has been carried out. Based on the macroscopic, microscopic, and«
physiological characteristics of Bacillus sp. BK7.1 has similarities with Bacillus sphaericus (Salamun et al., 2020).
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Researchers suggest further research to confirm the species name, by identifying the 165 rRNA gene| The electrophoresis

results from 16S rRNA gene amplification of Bacillus sp. BK7.1 showed a band over 1500 bp in size (Fig. 1). Bacillus

sp. BK7.1 [@has a 98.68% similarity to Bacillus subtilis subsp. inaquosorum strain BGSC 3A28 based on molecular |

identification. The gene of 16S rRNAAean[could be used for the identification of microorganisms because it is one of the

genes with specific characteristics (Pearson 2013). The 165 RNA gene sequencing js was a fast and accurate method for

bacterial identification. Bacteria [represent@] the same genus if they have a similarity index above 95% and the same
species above 97% (Johnson et al. 2019, Srinivasan et al. 2015). The similarity jwas jis less than 100% because there are

Wwere |variations in amino acid sequences that affect the genotypic character but do not affect the phenotypic character
(Johnson et al. 2019).

Research has shown that B. subtilis strain SBMP4 gan kould| control pathogenic fungi such as Aspergillus and

Fusarium in early Arachis hypogea plants (Syed et al. 2020). Bacillus has adapted to and grown in extreme
environmental conditions, forms endospores that are resistant to stress, and secretes various secondary metabolites such
as surfactin (Shafi et al. 2017). Another essential characteristic js [was the abundance of secondary metabolites and

moderate dietary requirements with a fast growth rate (Yadav et al. 2016, Mishra and Arora 2018). Biosurfactant
lipopeptides from entomopathogenic microbes gan kcould ct as biocontrol, especially antimicrobials and anti-biofilms

(Abdel-Aziz et al. 2020, Qureshi et al. 2021). Surfactin produced by B. subtilis js Mas one of the most effective

biosurfactants. Surfactin reduced the surface tension of water up to 27 mN/m, with a critical micelle concentration of
0.01 g/L and high emulsification activity and has shown antimicrobial, antiviral, and antitumor activity (Gudina et al.
2013, Gudina et al. 2016).
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Controlling insects can use biosurfactants introduced as an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain gan \couldi kill adult mosquitoes. The hemolytic activity of B.
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subtilis BK7.1 gan could be seen in Fig. 3. The clear zone on the hemolytic activity test by biosurfactants has caused lysis

Formatted

of the red blood cell membrane, and the cells secrete hemoglobin. The hemolytic activity gesurs [occured| through two

different mechanisms, at a high concentration occur, cell membrane lysis, and at low concentrations increase, membrane
permeability to solutes and cause osmotic lysis (Zaragosa et al. 2010). The inhibition zone formed in the observation of
hemolytic activity indicates a biosurfactant production process; the larger the lysis diameter of blood agar, the higher the
biosurfactant concentration (Singh 2012).

Bacteria gan could produce biosurfactants if they can reduce surface tension values by > 10 mN/m (de Oliveira et al.

ted [RD25]:

We agree to change this to be from

Formatted

Commented [RD26]:

We agree to change this to be from

Formatted

Commented [RD27]:

We agree to change this to be from

2021). The surface and interfacial tension decrease is caused by the presence of hydrophobic and hydrophilic groups in
the biosurfactants, where these compounds can accumulate between the liquid phases (Kapadia and Yagnik 2013). The
entomopathogenic activity of biosurfactants against A. aegypti js [vvas caused by surfactin produced by B. subtilis.

Formatted
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Surfactin triggers the surface tension of the water, causing a lack of oxygen underwater. The concentration of O gauses
very active against pH, temperature around 25-42°C, and UV stability, making it enjoyable to develop asre"iarvrcrdal
agent (Guimardes et al. 2019).

The emulsification index value of B. subtilis BK7.1 js Mas B low category. Lipopeptides such as surfactin consist of
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cycloheptapeptides with amino acids attached to fatty acids of a different chain. This chemical structure gauses caused |
surfactin to be amphiphilic and able to mix in both polar and non-polar solvents, while this amphiphilic structure allows
surfactin to form emulsions. The characteristics of surfactin are Wwere involved in cell attachment and cause membrane
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disruption (Chen et al. 2022). The ability of surfactin to bind Ca?* gauses [caused a conformational change in the peptide
cycle and allows it to be incorporated into the phospholipid bilayer (Khedher et al. 2015, Khedher et al. 2017).
The emulsification activity of B. subtilis BK7.1 in 1-hour observation tends tended to decrease compared to 24 hrs
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observation. This difference has shown that the emulsion js jwas unstable because the isolate produces biosurfactants
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which act as active surface molecules only in decreasing surface tension. Based on molecular weight, biosurfactants have
been classified into low and high molecular weight biosurfactants. Low molecular weight biosurfactants, including
glycolipids, phospholipids, and lipopeptides, are [were efficient in reducing surface tension. Meanwhile, high molecular
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weight biosurfactants, such as proteins, lipopolysaccharides, lipoproteins or complex mixtures of these biopolymers, are
[m}more effective in stabilizing oil-in-water emulsions as emulsifiers (Uzoigwe et al. 2015). This result gm
supported by the fact that the biosurfactant produced by B. subtilis 21332 has shown high emulsification activity values
on glucose substrates up to 55.2% (Zhu et al. 2016). In contrast to the reported that value of the emulsification activity of
B. subtilis 573 to 27.1%, with the addition of 1% bacterial culture concentration (Pereira et al. 2013), while in this study,
the addition of 4%. Differences in the addition of culture affected| the activity of biosurfactants produced by bacteria. The
higher the concentration of bacterial culture added to the media, the density of bacteria in the substrate also increases and
affects the speed of using the available substrate to produce biosurfactants.

Bacillus species have had SrfAA gene, which encodes phosphopantetheinyl transferase and contributes to the
nonribosomal biosynthesis of surfactin (Plaza et al. 2015). The nonribosomal peptide synthetase complex js \vmi:oded
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by srfAA and srfAD gene known as surfactin synthetase. The srfAA and srfAD genes have contributed to the control of
surfactin biosynthesis gene expression. The 4-phosphopantetheinyl transferase js Mas an activating enzyme for the srfA
multienzyme complex. The srfAA, srfAB, srfAC, and srfAD genesAare[vvere involved in the assembly of heptamodular
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non-ribosomal peptide (NPRS) synthesis in which the modular enzyme contains a typical N-terminal in the CLP-BGCs
domain and acylates the first amino acid, glutamine with various 3-OH fatty acids derived from of primary metabolism
(Théatre et al. 2021). The surfactin gene ransforms [transformed surfactin synthetase into an active form. The production
of biosurfactants especially surfactin, that have Bacillus influenced by srfAA and srfAD gene (Plaza et al. 2015). The
Table 3 showed that the similarity results have a value of 91. 04% because there are mteveral differences in amino
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even in the same B. subtrlrs group.

The results of this study have also reported that there are differences in the production of biosurfactants. The higher
emulsification activity from B. subtilis 573 to 48.4% (Pereira et al. 2013), B. subtilis 21332 up to 55.2% (Zhu et al.
2016), and B. subtilis N3-4P up to 38.3% (Zhu et al. 2016) on mineral salt media containing using different carbon
sources than glycerol. The production of biosurfactant by Bacillus nealsonii S2M in glycerol substrate has been able to
emulsify various hydrocarbons in 55% (Phulpoto et al. 2020).
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Biosurfactant production of B. subtilis BK7.1 observed through surface tension values is shown in Fig. 6d. Glucose
and sucrose substrates have been reported as the best carbon sources for the biosurfactant production process by the
Bacillus group (Abdel-Mawgoud et al. 2008). B. subtilis BK7.1 reduced the surface tension up to 51.47 mN/m at 48 h
incubation. B. subtilis B30, in 2% glucose substrate has the lowest surface tension value (25.56 mN/m) (Al-Wahaibi et al.
2014). The difference in surface tension reduction ﬁj@\ caused by different species and strains of bacteria, as well as the
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level of their ability to utilize various substrates. Variations in nucleotide sequences between bacteria species jaffected the
formation of biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h, and
54.36 at 72 h incubation, respectively. B. subtilis N3-4P has grown better on glycerol substrate than glucose, hexadecane,
and diesel. This B. subtilis N3-4P decreased the surface tension to 27.8 mN/m on glycerol substrate (Zhu et al. 2016).
The same has been reported that the difference in the value of the decrease in surface tension by B. subtilis 309, B.
subtilis 311, and B. subtilis 573 on glycerol and glucose substrates, with the value of the decrease in surface tension on
glycerol substrates 29.7, 30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0, and 29.5 mN/m, respectively
(Pereira et al. 2013).

The value of the surface tension of B. subtilis BK7.1, on molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633 up
to 30.48 mN/m (Kashkouli et al. 2011), and B. subtilis RSL-2 up to 24.09 mN/m (Verma et al. 2020). This difference has
been due to the influence of various concentrations of molasses substrate, B. subtilis BK7.1 used 2% molasses, B. subtilis
ATCC 6633 used 3% molasses (Kashkouli et al. 2011), and B. subtilis RSL-2 used 5% molasses (Verma et al. 2020). In
addition, the efficiency of biosurfactant production by B. subtilis 3KP with molasses substrate jSM influenced by the
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instability of the biosurfactant product. Differences in composition and nutrient content in molasses, suspected related to
the processing of sugar from the molasses (Ni’matuzahroh et al. 2017). The difference in sugar content of molasses as the
main carbon source for the growth of B. subtilis 3KP bacteria has affected the productivity of biosurfactant production
(Ni’matuzahroh et al. 2017).

Indigenous entomopathogenic B. subtilis BK7.1 isolated from Baluran National Park, East Java, Indonesia, 98.68%
similarity to B. subtilis subsp. inaquosorum strain BGSC 3A28. The results of screening for biosurfactant activity
showed positive hemolytic activity, decreased surface tension, and increased emulsification activity. The srfAA and
srfAD genes were detected encoding surfactin, which has the capacity for biosurfactant production on various glucose,
glycerol, and molasses substrates. B. subtilis BK7.1 produced biosurfactant, the potential to develop for environmentally
friendly biocontrol agent for biopesticides in agriculture and disease vector control in public health. Therefore, this
research needs to be followed up to detect the chemical components of biosurfactants produced by these bacteria.
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Abstract. Salamun, Susetyo RD, Ni’'matuzahroh, Fatimah, Geraldi A, Supriyanto A, Nurhariyati T, Nafidiastri FA, Nisa N, Endarto.
2023. Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1, as potential biocontrol bacteria, isolated from Baluran
National Park, East Java, Indonesia. Biodiversitas 24: xxx. Biosurfactants as biocontrol agents have received much attention for pest
control and disease vectors. The research aimed to identify the species and genetic relationship, hemolytic activity, detect coding genes,
and trial production of biosurfactants on various substrates of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in Baluran
National Park, East Java, Indonesia. Biosurfactant screening was carried out by testing hemolytic activity, surface tension, and
emulsification activities, detecting coding genes of biosurfactant biosynthesis, and testing biosurfactant production in various substrates.
The results of the molecular identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method for
Bacillus sp. BK7.1 has a genetic similarity of 98.68% with B. subtilis subsp. inaquosorum strain BGSC 3A28. Screening showed
positive hemolytic activity results, reduced surface tension, increased emulsification activities, and the production of biosurfactant in
glucose, glycerol, and molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding
surfactin biosynthesis, giving it the potential to produce bioinsecticide compounds. Based on these studies, the indigenous
entomopathogenic B. subtilis BK7.1 can be developed as environmentally friendly microbial bioinsecticides for pest control and disease
vectors.

Keywords: Biosurfactant production, crop protection, entomopathogenic Bacillus subtilis BK7.1, hemolytic activity, srfAA-srfAD gene.

INTRODUCTION

Controlling insect pests and insect vectors with
chemical insecticides is used widely all around the globe
(Safni et al. 2018). However, the chemical insecticides
have a negative impact on control of disease vector and
pest because they cause insect resistance (Sengiil et al.
2022). There are a number of biocontrol methods available
to resolve these problems. Entomopathogens are natural
enemies that can produce toxic metabolites against insect
pests and plant pathogens. Biocontrol methods can be used
as an alternative in fighting diseases transmitted by vector
mosquitoes, plant pathogens, and insect pests. These
methods do not cause pollution and are environmentally
friendly (Thomas 2017).

Biocontrol agents using Bacillus strains are methods
that have been widely developed because they are proven
to be environmentally friendly (Bergamasco et al. 2013;
Syaharuddin et al. 2018; Abdel-Aziz et al. 2020; Qureshi et
al. 2021). A group of bacteria, fungi, and yeasts have
produced biosurfactants are capable of producing
biosurfactants with different surface activities and
molecular structures (Santos et al. 2018). Several groups of
microbes can synthesize biosurfactants, which can be used
to replace non-biodegradable and non-environmental
friendly synthetic surfactants (Moro et al. 2018). The
biosurfactant produced by Bacillus is one of the
entomopathogenic mechanisms that have caused the death
of insects. Biosurfactants are unique microbial metabolites
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that appear in biological action against plant pathogens and
insect pests.

Biosurfactants have many interesting features including
high levels of biodegradability and optimal activity under
extreme conditions (Khedher et al. 2017). Following
previous studies, Bacillus subtilis, Bacillus
amyloliquefaciens, and Bacillus velezensis produce
biosurfactant and are efficient biocontrol agents against
different targets (Revathi et al. 2013; Nafidiastri et al.
2021). Bacillus sp. is able to synthesize lipopeptide
biosurfactants, such as surfactin, fengicin, and iturin
(Théatre et al. 2021). Surfactin consists of 7 amino acids
bonded to a carboxyl group and a fatty acid hydroxyl group
at carbon atoms number 12-16, synthesized by a complex
mechanism, catalyzed by Nonribosomal Peptide Synthetase
(NRPS) and encoded by the srfA operon. Surfactin can
suppress plant diseases through strong biosurfactant
activity (Cawoy et al. 2014) by inhibiting bacterial growth,
lysing cell membranes or destroying them through
physicochemical interactions (Deleu et al. 2013),
suppressing fungi by promoting colonization of beneficial
bacteria (Jia et al. 2015), and triggering systemic resistance
(Cawoy et al. 2014). Biosurfactants have been applied in
various industrial and petroleum fields (Nwaguma et al.
2016, Pele et al. 2019, Gomaa et al. 2019). Biosurfactants
are lower in toxicity, more biodegradable and
environmentally friendly, harmless, and work more
specifically (De Almeida et al. 2016; Martins and Martins
et al. 2018; Gayathiri et al. 2022). Biosurfactants are stable
and efficient under unfavorable salinity, pH and
temperature conditions often encountered in the petroleum
industry (Silva et al. 2014). Biosurfactants can reduce
surface and interfacial tension, as well as suitable
emulsifiers and dispersing agents and are widely used in
the industrial sector (Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus
spp. are still being carried out to find the safest way to
control disease vectors transmitted by mosquitoes. The
results of screening tests for potential initial toxicity against
Aedes aegypti Linnaeus, 1762 larvae have reported that 68
entomopathogenic Bacillus sp. which have been isolated
from 30 natural soil samples with potential status variations
from low to very high. In the affirmation test, there were
three isolates coded BK7.1, BK7.2, and BKS5.2, with the
highest entomopathogenic potential status, larval mortality
rates at 48 hours of exposure were 93, 87 and 70%,
respectively (Salamun et al. 2020). Bacillus sp. BK5.2,
after molecular identification, has been identified as
Bacillus thuringiensis BK5.2 which produces an
entomopathogenic cry toxin (Salamun et al. 2021). The
identification of Bacillus sp. BK7.1 has been carried out
through morphological and physiological characterization
(Salamun et al. 2020). It is necessary to carry out molecular
identification and mechanism of action of Bacillus sp.
BK7.1 as an entomopathogenic bacteria. Genetic
characteristics were used in this study to determine the
species and their relationships in the phylogenetic tree, as
well as the detection of biosurfactant coding genes and the
screening of biosurfactant activities such as hemolytic

activity, surface tension, emulsification activity, and
production on various substrates.

MATERIALS AND METHODS

Isolation and identification of bacteria

Bacillus sp. BK7.1 was isolated from Baluran National
Park soil samples. This isolate was identified
conventionally such as macroscopic, microscopic, and
physiological characters first and then at molecular level
through 16S rRNA (Salamun et al. 2020). This bacteria
was maintained aerobically on NB agar plates and was
regularly transferred into fresh NB medium slant for short-
term storage.

Molecular identification using 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated
according to the Thermo Scientific GeneJet Genomic DNA
Purification  Kit, visualized under ultraviolet by
electrophoresis, purity and concentration with a Thermo
Scientific Multiskan GO Microdroplet Spectrophotometer;
purity was calculated by the ratio between the values of
260 nm and 280 nm in the DNA samples (Meena et al.
2020). Amplifying genomic DNA of Bacillus sp. BK7.1
utilized 16S rRNA primers (27f and 1492r) was examined
by electrophoresis on 1% agarose gel followed by ethidium
bromide (EtBr) dye and visualized under ultraviolet light,
then purified and sequenced. Amplicon results were then
aligned and contigs were developed from the sequences
using the BioEdit Sequence Alignment Editor software for
Windows. The 16S rRNA nucleotide sequence was aligned
with 16S rRNA gene sequences from other microorganisms
published in GenBank. Genetic similarity was determined
to contig alignment and phylogenetic tree construction
using the Program of Mega 7. The phylogenetic tree was
designed by inputting FASTAs from BLAST species

(Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three
methods, hemolytic activity, surface tension value, and
emulsification activity. Hemolytic activity using blood agar
media inoculated with Bacillus sp. BK7.1 by spots method
and incubated for two days at room temperature and zone
of inhibition observed around the colony. Surface tension
was measured with du nouy tensiometer, with 50% tween
20 as a positive control and nutrient broth as a negative
control. The decrease in the surface tension value (10
mN/m) indicated the potential to produce biosurfactants.
The emulsification activity was measured by inserting a
2mL supernatant fraction and kerosene in a test tube. This
mixture was stirred on vortex mixer for 1 minute, incubated
for 24 hours at room temperature, and measured after the
emulsion height was stable. The percentage (%) of the
emulsion layer height (cm) divided by the total solution
height was calculated as the emulsion index value (E24).
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Detection srfAA and srfAD surfactin gene

Amplification of the srfAA and srfAD surfactin genes
of Bacillus sp. BK7.1 was carried out by using primers
selected according to the literature. Electrophoresis and
visualization were performed under UV Transluminator.
Forward primer F-5' TCGGGACAGGAAGACATCAT 3'
and reverse primer R-5'
CCACTCAAACGGATAATCCTGA 3' for srfAA gene
(Mora et al. 2020, Kim et al. 2020). Forward primer F-5’
ATGAGCCAACTCTTCAAATCATTTG 3’ and reverse
primer R-5° TCACGATTGAATGATTGGATGCT 3’ for
srfAD gene. The amplicons were aligned and developed
from the sequences by the BioEdit Sequence Alignment
Editor for Windows software. The nucleotide sequences are
translated into a protein to be formed. The translation of the
nucleotide sequence aligned with BLASTp from the other
Bacillus, which has been published on GenBank.

Biosurfactant production

The biosurfactant production activity begins by
providing synthetic mineral water (SMW), by dissolving
one by one, 3 g (NH4)2S04, 10 g NaCl, 0.2 ¢
MgS04.7H20, 0.01 g CaCl2, 0.001 g MnSO4.H20, 0.001
g H3BO3, 0.001 g ZnS0O4.7H20, 0.001 g CuS0O4.5H20,
0.005 g CoCI2.6H20, and 0.001 g NaM004.2H20 into
900 mL distilled water, respectively. The elements
phosphate and iron were made separately. The phosphate
elements dissolved 5 g of KH2PO4 and 2 g of K2HPO4
into 50 mL of distilled water, while, the iron element
dissolved 0.0006 g of FeSO4.7H20 into 50 mL of distilled
water, respectively. The phosphate and iron elements were
sterilized using an autoclave for 15-20 minutes at 121°C
with 1 atm.

A 250 mL culture bottle was prepared to be filled with
86.4 mL of SMW and added 2% substrates (glucose,
glycerol, molasses) solution, was homogenized and ensured
that the pH was 7.0. The culture vial was sterilized by
autoclave for 15-20 minutes at 121°C 1 atm. After
sterilization, the culture was cooled at room temperature,
then 4.8 mL of phosphate and iron elements were added.
Then each added 4% (4 mL) of bacterial culture with an
absorbance value of 0.5 Optical Density in 650 nm. The
culture solution was incubated at room temperature for 96
hrs with an agitation of 130 rpm. Every 24 hrs, bacterial
biomass, surface tension value, and emulsification activity
against diesel and kerosene were measured until 96 hrs
incubation.

RESULTS AND DISCUSSION
Results

Identification of 16S rRNA gene

Purity and concentration of DNA genome of Bacillus
sp. BK 7.1 obtained a 1.782 and a 31 ng/uL and after being
confirmed with agarose gel electrophoresis 1% in Figure 1.
Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA
nucleotide sequence, which similarity to Bacillus subtilis

subsp. inaquosorum strain BGSC 3A28, homology level of
98.68% (Table 1).

The phylogenetic analysis results where Bacillus sp.
BK?7.1 and some strain of known Bacillus are presented in
Figure 2. The closest relative of Bacillus sp. BK7.1 is a
strain of Bacillus subtilis strain SBMP4, and this grouping
only shows the closeness of the strains based on the
similarity of the 16S rRNA sequence, and does not describe
the ability to produce biosurfactants, especially surfactin.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen
in Figure 3. The surface tension value of the supernatant
fraction of B. subtilis BK7.1 of 49.17 mN/m can be seen in
Table 2. When compared with the surface tension value of
the control in the form of distilled water and the control
media of Nutrient Broth (NB), the value of the culture
supernatant of B. subtilis BK7.1 experienced a decrease in
surface tension value of 15.21 mN/m from the NB media
control and 22.83 mN/m from the distilled water control.
The emulsification index value of the supernatant B.
subtilis BK7.1 of 18.02%, which was left for one hour
while after 24 hours the emulsification index value
becomes 25.53%, where it was decreased by 21.92%
(Figure 4). The emulsification index value indicates the
stability of the emulsion and lines that produce values
above 50%.

Table 1. The species of Bacillus sp. BK7.1 based on approach
16S rRNA gene with Basic Local Alignment Search Tools
(BLAST) program

; Query
Species Accession = %ID  Cover

' (%)
Bacillus subtilis subsp.
inaquosorum strain 3N ?—10487 0.0 98.68 99
BGSC 3A28 '
Bacillus subtilis strain NR_02755

- . .61

DSM 10 21 0.0 98.61 99
Bacillus subtilis strain NR_11326
JCM 1465 5.1 0.0 9861 99

2500 bp 2500 bp

1500 bp

1000 bp 1000 bp

500 bp 500 bp

100 bp 100 bp

Figure 1. The electrophoresis results of DNA genome (a) and 16S
rRNA gene (b) of Bacillus sp. BK7.1 on 1% agarose gel.
Descriptions: M 100 bp DNA marker, S sample, S1 sample of
DNA genome, S2 sample of 16SrRNA gene


https://www.ncbi.nlm.nih.gov/nucleotide/NR_104873.1?report=genbank&log$=nucltop&blast_rank=1&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_104873.1?report=genbank&log$=nucltop&blast_rank=1&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_027552.1?report=genbank&log$=nucltop&blast_rank=2&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_027552.1?report=genbank&log$=nucltop&blast_rank=2&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113265.1?report=genbank&log$=nucltop&blast_rank=3&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113265.1?report=genbank&log$=nucltop&blast_rank=3&RID=ANP2AB3B013
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Table 2. Value of surface tension (mN/m) of supernatant fraction
of Bacillus subtilis BK7.1 on treatment variation

Treatment Surfgce
Tension
Control of sterile water 72
Control of Nutrient Broth (NB) medium, room 64.38
temperature, pH =7 )
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 49.17
hours), room temperature, pH = 8 )
A Surface tension of supernatant of Bacillus 22.83
subtilis BK7.1 against sterile water )
A Surface tension of supernatant of Bacillus 15.21

subtilis BK7.1 against NB medium

Figure 3. Screening biosurfactant using hemolytic activity in
Bacillus subtilis BK7.1 on blood agar plate media. Descriptions: a
isolate, b clear zone around the colony, ¢ blood agar plate, R
Replicates.

Figure 4. The emulsification activity of supernatant Bacillus
subtilis BK7.1 on the kerosene substrate. Descriptions: a
kerosene, b emulsion, c isolate, (a) 1 hour of exposure, (b) 24
hours of exposure.

Detection srfAA and srfAD surfactin gene

The encoding gene of surfactin discovered sizes scale
201 bp, expected as srfAA gene, and 723 bp expected as
srfAD gene (Figure 5). In Table 3 showed that the
similarity results, which have a value of 91.04% because
there are several differences in amino acids possessed by B.
subtilis BK 7.1 and other strains of B. subtilis. This can be
caused by the presence of gene diversity even in the same
B. subtilis group.

Biosurfactant production

Biosurfactant productions of B. subtilis BK7.1 on
glucose, glycerol, and molasses substrates can be detected
through a bacterial growth curve, surface tension value, and
emulsification activity (Figure 6). The growth activity of B.
subtilis BK7.1 showed on various substrates in Fig. 6a. The
isolates had grown well on SMW media with the addition
of glucose, glycerol, and molasses as substrates. On
glucose substrate with up to 72 hrs incubation, isolates still
showed an exponential phase, and 96 hrs incubation
entered the stationary phase, as well as on glycerol
substrate. On molasses substrate, it still showed an
exponential phase until 96 hrs incubation.

The results showed that the emulsification activity of B.
subtilis BK7.1 on the three substrates tended to increase up
to 96 hrs of incubation (Figure 6b and Figure 6c), which
proved that the isolate produced surfactin. On glucose
substrate, the highest emulsification activity occurred at 96
hrs of incubation. Decreased in surface tension values are
shown in Figure 6d.

1
6000 by
5000 b

0000 by
8000 by

4000 by
3000 b
2500 b
2000 b

1500 by

1000 by

750 bp.

500 bp

250 bp

Figure 5. The electrophoresis results of srfAD (a) and srfAA (b)
surfactin gene amplification of Bacillus subtilis BK7.1.
Description: M 100 bp DNA marker, SA sample of srfAA
surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp

Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus subtilis

BK 7.1

Query Cover

. . . o

No. Protein Species Accession No. E value %I1D (%)

1. S””‘%C“” non-ribosomal Bacillus subtilis inaquosorum WP_060397903.1 9e-34 91.04 100
peptide synthetase srfAA

p,  surfactin biosynthesis g illus subtilis group WP 0757501641 5e-178 9917 99

thioesterase SIfAD
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7 MR 118383.1 Bacillus subtils stram SBMP4 163 sibosomal RNA partial sequence

2

5
12 L NR 1048731 Bacils subtils subsp. maquosorum strain BG3C 3428 163 ribosomal RITA partial sequence
MR 104919.1 Bacilus tequilensis strain 10b 163 rhosomal RIVA partial sequence
. = _|:N'R 112686.1 Baci]lus sub@s subsp. spiazentt strain NERC 101239 163 ribosomal BNA partial sequence
A NE. 113994.1 Bacilug vallismortis stram NBRC 101236 163 ribosomal RIA partial secuence
MR 027552.1 Bacilus subtlis stram DSM 10 163 ribosomal BITA partial sequence
MR 112629.1 Bacillus subtilis stram NBRC 13719 163 rbosomal RNA partial sequence
MR 113265.1 Bacilug subtis strain JCM 1465 163 ribosomal BITA partial sequence
0 _|:NR 112116.2 Bacilus subtis stram TAM 12118 165 nbosomal ENA complete sequence
B MR 1160171 Bacillus subtilis stram BCRC 10255 163 ribosomal RNA partial sequence
’—N'R 102783.2 Bacillug subitlis subsp. subtilis stramn 163 163 nibosomal BITA complete sequence
57— NR 075003.2 Bacilus velezensis siain FZB42 165 ibosomal RIVA complete sequence

{17R 024570.1 Escherichia cok stran U 541 165 sbosomal RNA parta sequence | Outgronp

Figure 2. Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli

as an outgroup species

14 ——

[=N=]
e

Cells Density (0D g0 ,0)

=
L

2

w
=

Emulsification Activity
(1 hour, in %)
t £
[\/
I
-

= b
e S

) b
0 u
B 70
£ —60
RS
it EEQ l_' _JZ_I=.
£ g0 /—"' - S s oy
S35
W
= S
E 10 r/ [d
o —i
—_ 70 —
.i (] - : I
Es0 -
S
E0
S
§ Glucose Glycerol Molasses
= 10 |
p d
Moo
0 24 48 72 96

Incubation Time (hours)

Figure 6. Biosurfactant productions of Bacillus subtilis BK7.1 on
glucose, glycerol, and molasses substrates, incubation period 0-,
24-, 48-, 72-, 96-hours. Descriptions: a cells density, b
emulsification activity (1 hour), ¢ emulsification activity (24
hours), d surface tension value

Discussions

Conventional identification of Bacillus sp. BK7.1 has
been carried out. Based on the macroscopic, microscopic,
and physiological characteristics of Bacillus sp. BK7.1 has
similarities with Bacillus sphaericus (Salamun et al., 2020).
Researchers suggest further research to confirm the species
name, by identifying the 16S rRNA gene. The
electrophoresis results from 16S rRNA gene amplification
of Bacillus sp. BK7.1 showed a band over 1500 bp in size
(Figure 1). Bacillus sp. BK7.1 had a 98.68% similarity to
Bacillus subtilis subsp. inaguosorum strain BGSC 3A28
based on molecular identification. The gene of 16S rRNA
could be used for the identification of microorganisms
because it is one of the genes with specific characteristics
(Pearson 2013). The 16S RNA gene sequencing is was a
fast and accurate method for bacterial identification.
Bacteria represented the same genus if they have a
similarity index above 95% and the same species above
97% (Johnson et al. 2019; Srinivasan et al. 2015). The
similarity was less than 100% because there were
variations in amino acid sequences that affect the genotypic
character but do not affect the phenotypic character
(Johnson et al. 2019).

Research has shown that B. subtilis strain SBMP4 could
control pathogenic fungi such as Aspergillus and Fusarium
in early Arachis hypogea plants (Syed et al. 2020). Bacillus
has adapted to and grown in extreme environmental
conditions, forms endospores that are resistant to stress,
and secretes various secondary metabolites such as
surfactin ~ (Shafi et al. 2017). Another essential
characteristic was the abundance of secondary metabolites
and moderate dietary requirements with a fast growth rate
(Yadav et al. 2016; Mishra and Arora 2018). Biosurfactant
lipopeptides from entomopathogenic microbes could act as
biocontrol, especially antimicrobials and anti-biofilms
(Abdel-Aziz et al. 2020, Qureshi et al. 2021). Surfactin
produced by B. subtilis was one of the most effective
biosurfactants. Surfactin reduced the surface tension of
water up to 27 mN/m, with a critical micelle concentration
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of 0.01 g/L and high emulsification activity and has shown
antimicrobial, antiviral, and antitumor activity (Gudina et
al. 2013; Gudina et al. 2015).

Controlling insects can use biosurfactants introduced as
an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain could
kill adult mosquitoes. The hemolytic activity of B. subtilis
BK7.1 could be seen in Figure 3. The clear zone on the
hemolytic activity test by biosurfactants has caused lysis of
the red blood cell membrane, and the cells secrete
hemoglobin. The hemolytic activity occurred through two
different mechanisms, at a high concentration occur, cell
membrane lysis, and at low concentrations increase,
membrane permeability to solutes and cause osmotic lysis
(*). The inhibition zone formed in the
observation of hemolytic activity indicates a biosurfactant
production process; the larger the lysis diameter of blood
agar, the higher the biosurfactant concentration (

).

Bacteria could produce biosurfactants if they can reduce
surface tension values by >10 mN/m (Oliveira et al. 2021).
The surface and interfacial tension decrease is caused by
the presence of hydrophobic and hydrophilic groups in the
biosurfactants, where these compounds can accumulate
between the liquid phases (Kapadia and Yagnik 2013). The
entomopathogenic activity of biosurfactants against A.
aegypti was caused by surfactin produced by B. subtilis.
Surfactin triggers the surface tension of the water, causing
a lack of oxygen underwater. The concentration of O
caused the larval spiracles of A. aegypti to open so that it
can cause the insect death. In addition, surfactin could be
very active against pH, temperature around 25-42°C, and
UV stability, making it enjoyable to develop as a larvicidal
agent (Guimardaes et al. 2019).

The emulsification index value of B. subtilis BK7.1 was
a low category. Lipopeptides such as surfactin consist of
cycloheptapeptides with amino acids attached to fatty acids
of a different chain. This chemical structure caused
surfactin to be amphiphilic and able to mix in both polar
and non-polar solvents, while this amphiphilic structure
allows surfactin to form emulsions. The characteristics of
surfactin were involved in cell attachment and cause
membrane disruption ). The ability of
surfactin to bind Ca?* caused a conformational change in
the peptide cycle and allows it to be incorporated into the
phospholipid bilayer (Khedher et al. 2015, Khedher et al.
2017).

The emulsification activity of B. subtilis BK7.1 in
1-hour observation tended to decrease compared to 24 hrs
observation. This difference has shown that the emulsion
was unstable because the isolate produces biosurfactants
which act as active surface molecules only in decreasing
surface tension. Based on molecular weight, biosurfactants
have been classified into low and high molecular weight
biosurfactants. Low molecular weight biosurfactants,
including glycolipids, phospholipids, and lipopeptides,
were efficient in reducing surface tension. Meanwhile, high
molecular weight biosurfactants, such as proteins,
lipopolysaccharides, lipoproteins or complex mixtures of
these biopolymers, were more effective in stabilizing oil-

in-water emulsions as emulsifiers (Uzoigwe et al. 2015).
This result was supported by the fact that the biosurfactant
produced by B. subtilis 21332 has shown high
emulsification activity values on glucose substrates up to
55.2% (Zhu et al. 2016). In contrast to the reported that
value of the emulsification activity of B. subtilis 573 to
27.1%, with the addition of 1% bacterial culture
concentration (Pereira et al. 2013), while in this study, the
addition of 4%. Differences in the addition of culture
affected the activity of biosurfactants produced by bacteria.
The higher the concentration of bacterial culture added to
the media, the density of bacteria in the substrate also
increases and affects the speed of using the available
substrate to produce biosurfactants.

Bacillus species had srfAA gene, which encodes
phosphopantetheinyl transferase and contributes to the
nonribosomal biosynthesis of surfactin (Plaza et al. 2015).
The nonribosomal peptide synthetase complex was coded
by srfAA and srfAD gene known as surfactin synthetase.
The srfAA and srfAD genes have contributed to the control
of surfactin biosynthesis gene expression. The 4-
phosphopantetheinyl transferase was an activating enzyme
for the srfA multienzyme complex. The srfAA, srfAB,
srfAC, and srfAD genes were involved in the assembly of
heptamodular non-ribosomal peptide (NPRS) synthesis in
which the modular enzyme contains a typical N-terminal in
the CLP-BGCs domain and acylates the first amino acid,
glutamine with various 3-OH fatty acids derived from of
primary metabolism (Théatre et al. 2021). The surfactin
gene transformed surfactin synthetase into an active form.
The production of biosurfactants especially surfactin, that
have Bacillus influenced by srfAA and srfAD gene (Plaza
et al. 2015). The Table 3 showed that the similarity results
have a value of 91.04%, because there were several
differences in amino acids possessed by B. subtilis BK 7.1
and other strains of B. subtilis. The presence of gene
diversity could cause this even in the same B. subtilis
group.

The results of this study have also reported that
there are differences in the production of biosurfactants.
The higher emulsification activity from B. subtilis 573 to
48.4% (Pereira et al. 2013), B. subtilis 21332 up to 55.2%
(Zhu et al. 2016), and B. subtilis N3-4P up to 38.3% (Zhu
et al. 2016) on mineral salt media containing using
different carbon sources than glycerol. The production of
biosurfactant by Bacillus nealsonii S2M in glycerol
substrate has been able to emulsify various hydrocarbons in
55% (Phulpoto et al. 2020).

Biosurfactant production of B. subtilis BK7.1 observed
through surface tension values is shown in Fig. 6d. Glucose
and sucrose substrates have been reported as the best

carbon sources for the biosurfactant production process by
the Bacillus group (NEGERMESENENRINEN0R).
subtilis BK7.1 reduced the surface tension up to 51.47
mN/m at 48 h incubation. B. subtilis B30, in 2% glucose
substrate has the lowest surface tension value (25.56
mN/m) (Al-Wabhaibi et al. 2014). The difference in surface
tension reduction was caused by different species and
strains of bacteria, as well as the level of their ability to
utilize various substrates. Variations in nucleotide
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sequences between bacteria species affected the formation
of biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced
the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h,
and 54.36 at 72 h incubation, respectively. B. subtilis N3-
4P has grown better on glycerol substrate than glucose,
hexadecane, and diesel. This B. subtilis N3-4P decreased
the surface tension to 27.8 mN/m on glycerol substrate
(Zhu et al. 2016). The same has been reported that the
difference in the value of the decrease in surface tension by
B. subtilis 309, B. subtilis 311, and B. subtilis 573 on
glycerol and glucose substrates, with the value of the
decrease in surface tension on glycerol substrates 29.7,
30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0,
and 29.5 mN/m, respectively (Pereira et al. 2013).

The value of the surface tension of B. subtilis BK7.1, on
molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension
up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633
up to 30.48 mN/m _), and B. subtilis
RSL-2 up to 24.09 mN/m (Verma et al. 2020). This
difference has been due to the influence of various
concentrations of molasses substrate, B. subtilis BK7.1
used 2% molasses, B. subtilis ATCC 6633 used 3%
molasses (| ), and B. subtilis RSL-2
used 5% molasses (Verma et al. 2020). In addition, the
efficiency of biosurfactant production by B. subtilis 3KP
with molasses substrate was influenced by the instability of
the biosurfactant product. Differences in composition and
nutrient content in molasses, suspected related to the
processing of sugar from the molasses (Ni’matuzahroh et
al. 2017). The difference in sugar content of molasses as
the main carbon source for the growth of B. subtilis 3KP
bacteria has affected the productivity of biosurfactant
production (Ni’matuzahroh et al. 2017).

Indigenous  entomopathogenic B. subtilis BK7.1
isolated from Baluran National Park, East Java, Indonesia,
98.68% similarity to B. subtilis subsp. inaquosorum strain
BGSC 3A28. The results of screening for biosurfactant
activity showed positive hemolytic activity, decreased
surface tension, and increased emulsification activity. The
srfAA and srfAD genes were detected encoding surfactin,
which has the capacity for biosurfactant production on
various glucose, glycerol, and molasses substrates. B.
subtilis BK7.1 produced biosurfactant, the potential to
develop for environmentally friendly biocontrol agent for
biopesticides in agriculture and disease vector control in
public health. Therefore, this research needs to be followed
up to detect the chemical components of biosurfactants
produced by these bacteria.
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Abstract. Salamun, Susetyo RD, Ni’matuzahroh, Fatimah, Geraldi A, Supriyanto A, Nurhariyati T, Nafidiastri FA, Nisa’ N, Endarto.
2023. Biosurfactant production of entomopathogenic Bacillus subtilis BK7.1, as potential biocontrol bacteria, isolated from Baluran
National Park, East Java, Indonesia. Biodiversitas 24: 1785-1792. Biosurfactants as biocontrol agents have received much attention for
pest control and disease vectors. The research aimed to identify the species and genetic relationship, hemolytic activity, detect coding
genes, and trial production of biosurfactants on various substrates of entomopathogenic Bacillus sp. BK7.1 isolated from natural soil in
Baluran National Park, East Java, Indonesia. Biosurfactant screening was carried out by testing hemolytic activity, surface tension, and
emulsification activities, detecting coding genes of biosurfactant biosynthesis, and testing biosurfactant production in various substrates.
The results of the molecular identification by amplifying the 16S rRNA gene using the Polymerase Chain Reaction (PCR) method for
Bacillus sp. BK7.1 has a genetic similarity of 98.68% with B. subtilis subsp. inaquosorum strain BGSC 3A28. Screening showed
positive hemolytic activity results, reduced surface tension, increased emulsification activities, and the production of biosurfactant in
glucose, glycerol, and molasses substrates. The PCR results showed that Bacillus sp. BK7.1 had srfAA and srfAD genes encoding
surfactin biosynthesis, giving it the potential to produce bioinsecticide compounds. Based on these studies, the indigenous
entomopathogenic B. subtilis BK7.1 can be developed as environmentally friendly microbial bioinsecticides for pest control and disease
vectors.

Keywords: Bacillus subtilis BK7.1, biosurfactant production, crop protection, entomopathogenic, hemolytic activity, srfAA-srfAD gene

INTRODUCTION Biocontrol agents using Bacillus strains are methods
that have been widely developed because they are proven

Controlling insect pests and insect vectors with to be environmentally friendly (Bergamasco et al. 2013;

chemical insecticides is used widely all around the globe
(Safni et al. 2018). However, the chemical insecticides
have a negative impact on control of disease vector and
pest because they cause insect resistance (Sengiil et al.
2022). There are a number of biocontrol methods available
to resolve these problems. Entomopathogens are natural
enemies that can produce toxic metabolites against insect
pests and plant pathogens. Biocontrol methods can be used
as an alternative in fighting diseases transmitted by vector
mosquitoes, plant pathogens, and insect pests. These
methods do not cause pollution and are environmentally
friendly (Thomas 2017).

Syaharuddin et al. 2018; Abdel-Aziz et al. 2020; Qureshi et
al. 2021). A group of bacteria, fungi, and yeasts have
produced biosurfactants are capable of producing
biosurfactants with different surface activities and
molecular structures (Santos et al. 2018). Several groups of
microbes can synthesize biosurfactants, which can be used
to replace non-biodegradable and non-environmental
friendly synthetic surfactants (Moro et al. 2018). The
biosurfactant produced by Bacillus is one of the
entomopathogenic mechanisms that have caused the death
of insects. Biosurfactants are unique microbial metabolites
that appear in biological action against plant pathogens and
insect pests.
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Biosurfactants have many interesting features including
high levels of biodegradability and optimal activity under
extreme conditions (Khedher et al. 2017). Following
previous studies, Bacillus subtilis, Bacillus
amyloliquefaciens, and Bacillus velezensis produce
biosurfactant and are efficient biocontrol agents against
different targets (Revathi et al. 2013; Nafidiastri et al.
2021). Bacillus sp. is able to synthesize lipopeptide
biosurfactants, such as surfactin, fengicin, and iturin
(Théatre et al. 2021). Surfactin consists of 7 amino acids
bonded to a carboxyl group and a fatty acid hydroxyl group
at carbon atoms number 12-16, synthesized by a complex
mechanism, catalyzed by Nonribosomal Peptide Synthetase
(NRPS) and encoded by the srfA operon. Surfactin can
suppress plant diseases through strong biosurfactant
activity (Cawoy et al. 2014) by inhibiting bacterial growth,
lysing cell membranes or destroying them through
physicochemical interactions (Deleu et al. 2013),
suppressing fungi by promoting colonization of beneficial
bacteria (Jia et al. 2015), and triggering systemic resistance
(Cawoy et al. 2014). Biosurfactants have been applied in
various industrial and petroleum fields (Nwaguma et al.
2016; Pele et al. 2019; Gomaa et al. 2019). Biosurfactants
are lower in toxicity, more biodegradable and
environmentally friendly, harmless, and work more
specifically (De Almeida et al. 2016; Martins and Martins
et al. 2018; Gayathiri et al. 2022). Biosurfactants are stable
and efficient under unfavorable salinity, pH and
temperature conditions often encountered in the petroleum
industry (Silva et al. 2014). Biosurfactants can reduce
surface and interfacial tension, as well as suitable
emulsifiers and dispersing agents and are widely used in
the industrial sector (Mulligan et al. 2014).

Perspective studies to find entomopathogenic Bacillus
spp. are still being carried out to find the safest way to
control disease vectors transmitted by mosquitoes. The
results of screening tests for potential initial toxicity against
Aedes aegypti Linnaeus, 1762 larvae have reported that 68
entomopathogenic Bacillus sp. which have been isolated
from 30 natural soil samples with potential status variations
from low to very high. In the affirmation test, there were
three isolates coded BK7.1, BK7.2, and BK5.2, with the
highest entomopathogenic potential status, larval mortality
rates at 48 hours of exposure were 93, 87 and 70%,
respectively (Salamun et al. 2020). Bacillus sp. BK5.2,
after molecular identification, has been identified as
Bacillus thuringiensis BKb5.2 which produces an
entomopathogenic cry toxin (Salamun et al. 2021). The
identification of Bacillus sp. BK7.1 has been carried out
through morphological and physiological characterization
(Salamun et al. 2020). It is necessary to carry out molecular
identification and mechanism of action of Bacillus sp.
BK7.1 as an entomopathogenic bacteria. Genetic
characteristics were used in this study to determine the
species and their relationships in the phylogenetic tree, as
well as the detection of biosurfactant coding genes and the
screening of biosurfactant activities such as hemolytic
activity, surface tension, emulsification activity, and
production on various substrates.

BIODIVERSITAS 24 (3): 1785-1792, March 2023

MATERIALS AND METHODS

Isolation and identification of bacteria

Bacillus sp. BK7.1 was isolated from Baluran National
Park soil samples. This isolate was identified
conventionally such as macroscopic, microscopic, and
physiological characters first and then at molecular level
through 16S rRNA (Salamun et al. 2020). This bacteria
was maintained aerobically on NB agar plates and was
regularly transferred into fresh NB medium slant for short-
term storage.

Molecular identification using 16 S rRNA gene

The DNA genome of Bacillus sp. BK7.1 was isolated
according to the Thermo Scientific GeneJet Genomic DNA
Purification  Kit, visualized under ultraviolet by
electrophoresis, purity and concentration with a Thermo
Scientific Multiskan GO Microdroplet Spectrophotometer;
purity was calculated by the ratio between the values of
260 nm and 280 nm in the DNA samples (Meena et al.
2020). Amplifying genomic DNA of Bacillus sp. BK7.1
utilized 16S rRNA primers (27f and 1492r) was examined
by electrophoresis on 1% agarose gel followed by ethidium
bromide (EtBr) dye and visualized under ultraviolet light,
then purified and sequenced. Amplicon results were then
aligned and contigs were developed from the sequences
using the BioEdit Sequence Alignment Editor software for
Windows. The 16S rRNA nucleotide sequence was aligned
with 16S rRNA gene sequences from other microorganisms
published in GenBank. Genetic similarity was determined
to contig alignment and phylogenetic tree construction
using the Program of Mega 7. The phylogenetic tree was
designed by inputting FASTAs from BLAST species
(Kumar et al. 2016).

Screening biosurfactant activities

Screening of biosurfactants was carried out by three
methods, hemolytic activity, surface tension value, and
emulsification activity. Hemolytic activity using blood agar
media inoculated with Bacillus sp. BK7.1 by spots method
and incubated for two days at room temperature and zone
of inhibition observed around the colony. Surface tension
was measured with du nouy tensiometer, with 50% tween
20 as a positive control and nutrient broth as a negative
control. The decrease in the surface tension value (10
mN/m) indicated the potential to produce biosurfactants.
The emulsification activity was measured by inserting a 2
mL supernatant fraction and kerosene in a test tube. This
mixture was stirred on vortex mixer for 1 minute, incubated
for 24 hours at room temperature, and measured after the
emulsion height was stable. The percentage (%) of the
emulsion layer height (cm) divided by the total solution
height was calculated as the emulsion index value (E24).

Detection srfAA and srfAD surfactin gene

Amplification of the srfAA and srfAD surfactin genes of
Bacillus sp. BK7.1 was carried out by using primers
selected according to the literature. Electrophoresis and
visualization were performed under UV Transluminator.
Forward primer F-5° TCGGGACAGGAAGACATCAT 3
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and reverse primer R-5' CCACTCAAACGGATAATCCTGA
3' for srfAA gene (Mora et al. 2020; Kim et al. 2020).
Forward primer F-5° ATGAGCCAACTCTTCAAATCATTTG
3> and reverse primer R-5° TCACGATTGAATGATT
GGATGCT 3’ for srfAD gene. The amplicons were aligned
and developed from the sequences by the BioEdit Sequence
Alignment Editor for Windows software. The nucleotide
sequences are translated into a protein to be formed. The
translation of the nucleotide sequence aligned with
BLASTp from the other Bacillus, which has been
published on GenBank.

Biosurfactant production

The biosurfactant production activity begins by
providing synthetic mineral water (SMW), by dissolving
one by one, 3 g (NH42SO4, 10 g NaCl, 0.2 ¢
MgS0,4.7H20, 0.01 g CaCl,, 0.001 g MnSO4.H20, 0.001 g
H3BOs, 0.001 g ZnS04.7H-0, 0.001 g CuS0O4.5H-0, 0.005
g CoCl,.6H,0, and 0.001 g NaM00O4.2H,0 into 900 mL
distilled water, respectively. The elements phosphate and
iron were made separately. The phosphate elements
dissolved 5 g of KH2PO4 and 2 g of K;HPQO, into 50 mL of
distilled water, while the iron element dissolved 0.0006 g
of FeSO,4.7H,0 into 50 mL of distilled water, respectively.
The phosphate and iron elements were sterilized using an
autoclave for 15-20 minutes at 121°C with 1 atm.

A 250 mL culture bottle was prepared to be filled with
86.4 mL of SMW and added 2% substrates (glucose,
glycerol, molasses) solution, was homogenized and ensured
that the pH was 7.0. The culture vial was sterilized by
autoclave for 15-20 minutes at 121°C 1 atm. After
sterilization, the culture was cooled at room temperature,
then 4.8 mL of phosphate and iron elements were added.
Then each added 4% (4 mL) of bacterial culture with an
absorbance value of 0.5 Optical Density in 650 nm. The
culture solution was incubated at room temperature for 96
hrs with an agitation of 130 rpm. Every 24 hrs, bacterial
biomass, surface tension value, and emulsification activity
against diesel and kerosene were measured until 96 hrs
incubation.

RESULTS AND DISCUSSION

Identification of 16S rRNA gene

Purity and concentration of DNA genome of Bacillus
sp. BK 7.1 obtained a 1.782 and a 31 ng/uL and after being
confirmed with agarose gel electrophoresis 1% in Figure 1.
Bacillus sp. BK7.1 has a size of 1449 bp of the 16S rRNA
nucleotide sequence, which similarity to Bacillus subtilis
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subsp. inaquosorum strain BGSC 3A28, homology level of
98.68% (Table 1).

The phylogenetic analysis results where Bacillus sp.
BK?7.1 and some strain of known Bacillus are presented in
Figure 2. The closest relative of Bacillus sp. BK7.1 is a
strain of Bacillus subtilis strain SBMP4, and this grouping
only shows the closeness of the strains based on the
similarity of the 16S rRNA sequence, and does not describe
the ability to produce biosurfactants, especially surfactin.

Screening of biosurfactant activity

The hemolytic activity of B. subtilis BK7.1 can be seen
in Figure 3. The surface tension value of the supernatant
fraction of B. subtilis BK7.1 of 49.17 mN/m can be seen in
Table 2. When compared with the surface tension value of
the control in the form of distilled water and the control
media of Nutrient Broth (NB), the value of the culture
supernatant of B. subtilis BK7.1 experienced a decrease in
surface tension value of 15.21 mN/m from the NB media
control and 22.83 mN/m from the distilled water control.
The emulsification index value of the supernatant B.
subtilis BK7.1 of 18.02%, which was left for one hour
while after 24 hours the emulsification index value
becomes 25.53%, where it was decreased by 21.92%
(Figure 4). The emulsification index value indicates the
stability of the emulsion and lines that produce values
above 50%.

2500 bp 2500 bp

1500 bp

1000 bp 1000 bp
500 bp 500 bp
100 bp 100 bp

A B

Figure 1. The electrophoresis results of DNA genome (A) and
16S rRNA gene (B) of Bacillus sp. BK7.1 on 1% agarose gel.
Descriptions: M 100 bp DNA marker, S sample, S1 sample of
DNA genome, S2 sample of 16SrRNA gene

Table 1. The species of Bacillus sp. BK7.1 based on approach 16S rRNA gene with Basic Local Alignment Search Tools (BLAST)

program

Species Accession no. E value %ID Query cover (%)
Bacillus subtilis subsp. inaquosorum strain BGSC 3A28 NR_104873.1 0.0 98.68 99
Bacillus subtilis strain DSM 10 NR_027552.1 0.0 98.61 99
Bacillus subtilis strain JCM 1465 NR_113265.1 0.0 98.61 99



https://www.ncbi.nlm.nih.gov/nucleotide/NR_104873.1?report=genbank&log$=nucltop&blast_rank=1&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_027552.1?report=genbank&log$=nucltop&blast_rank=2&RID=ANP2AB3B013
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113265.1?report=genbank&log$=nucltop&blast_rank=3&RID=ANP2AB3B013
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Table 2. Value of surface tension (mN/m) of supernatant fraction of Bacillus subtilis BK7.1 on treatment variation

Treatment Surface Tension

Control of sterile water 72

Control of Nutrient Broth (NB) medium, room temperature, pH = 7 64.38
Control of Tween 20 at 50% solution 37.11
Supernatant of Bacillus subtilis BK7.1 (24 hours), room temperature, pH = 8 49.17
A Surface tension of supernatant of Bacillus subtilis BK7.1 against sterile water 22.83
A Surface tension of supernatant of Bacillus subtilis BK7.1 against NB medium 15.21

74 MNE 118383.1 Bacillus subtilis strain SBMP4 163 ribosomal EITA partial sequence
15 Lsolat Bacillus sp. EK 7.1 |
12 L NR 104873.1 Bacillus subtilis subsp. inaquosorum strain BG3C 3428 163 ribosomal 1A partial sequence

26

MNE 104919.1 Bacillus tequilensis strain 10b 165 ribosomal EITA partial sequence
= 3 —|:NR 112686.1 Bacillus subtilis subsp. spiztzent strain MBRC 101239 163 ribosomal EITA partial sequence
i NE. 1139%4.1 Bacillug vallistnortis strain ITBRC 101236 163 ribosomal BITA partial sequence
NE 027552, 1 Bacillus subtilis strain DEM 10 163 ribosomal EITA partial sequence
MNE 112629 1 Bacillus subtilis strain NBRC 13719 165 ribosomal E1A partial sequence
MNE 113265.1 Bacillug subtiliz strain JCII 1465 163 ribosotnal EINA partial secuence
10 BE 112116.2 Bacillus subtilis strain TAW 12118 163 nbosomal RITA complete sequence
—38|:NR 1160171 Bacillus subtiks strain BCEC 10235 163 ribosomal BIVA partial secuence
NE 102783.2 Bacillus subtiliz subsp, subtilis stram 168 163 ribosomal RIVA complete sequence
37— MR 075003.2 Bacillus velezensis strain FZB42 163 ribosomal RNA complete sequence

INR 024570.1 Eschetichia coli strain T7 541 163 ribosomal BITA partial sequencel Outgroup

Figure 2. Analysis of the phylogenetic tree of Bacillus sp. BK7.1 based on cladograms of other species and strains, and Escherichia coli

as an outgroup species

Figure 3. Screening biosurfactant using hemolytic activity in
Bacillus subtilis BK7.1 on blood agar plate media. A. Isolate, B.
Clear zone around the colony, C. Blood agar plate, R. Replicates

Detection srfAA and srfAD surfactin gene

The encoding gene of surfactin discovered sizes scale
201 bp, expected as srfAA gene, and 723 bp expected as
srfAD gene (Figure 5). In Table 3 showed that the
similarity results, which have a value of 91.04% because
there are several differences in amino acids possessed by B.
subtilis BK 7.1 and other strains of B. subtilis. This can be
caused by the presence of gene diversity even in the same
B. subtilis group.

Biosurfactant production

Biosurfactant productions of B. subtilis BK7.1 on
glucose, glycerol, and molasses substrates can be detected
through a bacterial growth curve, surface tension value, and
emulsification activity (Figure 6). The growth activity of B.

Figure 4. The emulsification activity of supernatant Bacillus
subtilis BK7.1 on the kerosene substrate. A. 1 hour of exposure,
B. 24 hours of exposure. a. kerosene, b. emulsion, c. isolate

subtilis BK7.1 showed on various substrates in Figure 6a.
The isolates had grown well on SMW media with the
addition of glucose, glycerol, and molasses as substrates.
On glucose substrate with up to 72 hrs incubation, isolates
still showed an exponential phase, and 96 hrs incubation
entered the stationary phase, as well as on glycerol
substrate. On molasses substrate, it still showed an
exponential phase until 96 hrs incubation.

The results showed that the emulsification activity of B.
subtilis BK7.1 on the three substrates tended to increase up
to 96 hrs of incubation (Figures 6.B, 6.C), which proved
that the isolate produced surfactin. On glucose substrate,
the highest emulsification activity occurred at 96 hrs of
incubation. Decreased in surface tension values are shown
in Figure 6.D.
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Table 3. The results of Basic Local Alignment Search Tools (BLAST) analysis of srfAA and srfAD protein isolates of Bacillus subtilis BK 7.1

Protein Species Accession no. Evalue  %ID Query cover (%)
Surfactin non-ribosomal peptide synthetase srfAA  Bacillus subtilis inaquosorum ~ WP_060397903.1  9e-34 91.04 100
Surfactin biosynthesis thioesterase SrfAD Bacillus subtilis group WP_075750164.1 5e-178 99.17 99

10000 by
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Figure 5. The electrophoresis results of srfAD (a) and srfAA (b)
surfactin gene amplification of Bacillus subtilis BK7.1.
Description: M 100 bp DNA marker, SA sample of srfAA
surfactin gene 201 bp, SD sample of srfAD surfactin gene 729 bp
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Figure 6. Biosurfactant productions of Bacillus subtilis BK7.1 on
glucose, glycerol, and molasses substrates, incubation period 0-,
24-, 48-, 72-, 96-hours. Descriptions: A. Cells density, B.
Emulsification activity (1 hour), C. Emulsification activity (24
hours), D. Surface tension value

Discussions

Conventional identification of Bacillus sp. BK7.1 has
been carried out. Based on the macroscopic, microscopic,
and physiological characteristics of Bacillus sp. BK7.1 has
similarities with Bacillus sphaericus (Salamun et al. 2020).
Researchers suggest further research to confirm the species
name, by identifying the 16S rRNA gene. The
electrophoresis results from 16S rRNA gene amplification
of Bacillus sp. BK7.1 showed a band over 1500 bp in size
(Figure 1). Bacillus sp. BK7.1 had a 98.68% similarity to
Bacillus subtilis subsp. inaguosorum strain BGSC 3A28
based on molecular identification. The gene of 16S rRNA
could be used for the identification of microorganisms
because it is one of the genes with specific characteristics
(Pearson 2013). The 16S RNA gene sequencing is was a
fast and accurate method for bacterial identification.
Bacteria represented the same genus if they have a
similarity index above 95% and the same species above
97% (Johnson et al. 2019; Srinivasan et al. 2015). The
similarity was less than 100% because there were
variations in amino acid sequences that affect the genotypic
character but do not affect the phenotypic character
(Johnson et al. 2019).

Research has shown that B. subtilis strain SBMP4 could
control pathogenic fungi such as Aspergillus and Fusarium
in early Arachis hypogea plants (Syed et al. 2020). Bacillus
has adapted to and grown in extreme environmental
conditions, forms endospores that are resistant to stress,
and secretes various secondary metabolites such as
surfactin ~ (Shafi et al. 2017). Another essential
characteristic was the abundance of secondary metabolites
and moderate dietary requirements with a fast growth rate
(YYadav et al. 2016; Mishra and Arora 2018). Biosurfactant
lipopeptides from entomopathogenic microbes could act as
biocontrol, especially antimicrobials and anti-biofilms
(Abdel-Aziz et al. 2020; Qureshi et al. 2021). Surfactin
produced by B. subtilis was one of the most effective
biosurfactants. Surfactin reduced the surface tension of
water up to 27 mN/m, with a critical micelle concentration
of 0.01 g/L and high emulsification activity and has shown
antimicrobial, antiviral, and antitumor activity (Gudina et
al. 2013, 2015).

Controlling insects can use biosurfactants introduced as
an alternative to synthetic chemicals. Many reports that
biosurfactant activity produced by the Bacillus strain could
kill adult mosquitoes. The hemolytic activity of B. subtilis
BK7.1 could be seen in Figure 3. The clear zone on the
hemolytic activity test by biosurfactants has caused lysis of
the red blood cell membrane, and the cells secrete
hemoglobin. The hemolytic activity occurred through two
different mechanisms, at a high concentration occur, cell
membrane lysis, and at low concentrations increase,
membrane permeability to solutes and cause osmotic lysis
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(Zaragosa et al. 2010). The inhibition zone formed in the
observation of hemolytic activity indicates a biosurfactant
production process; the larger the lysis diameter of blood
agar, the higher the biosurfactant concentration (Singh
2012).

Bacteria could produce biosurfactants if they can reduce
surface tension values by >10 mN/m (Oliveira et al. 2021).
The surface and interfacial tension decrease is caused by
the presence of hydrophobic and hydrophilic groups in the
biosurfactants, where these compounds can accumulate
between the liquid phases (Kapadia and Yagnik 2013). The
entomopathogenic activity of biosurfactants against A.
aegypti was caused by surfactin produced by B. subtilis.
Surfactin triggers the surface tension of the water, causing
a lack of oxygen underwater. The concentration of O
caused the larval spiracles of A. aegypti to open so that it
can cause the insect death. In addition, surfactin could be
very active against pH, temperature around 25-42°C, and
UV stability, making it enjoyable to develop as a larvicidal
agent (Guimardaes et al. 2019).

The emulsification index value of B. subtilis BK7.1 was
a low category. Lipopeptides such as surfactin consist of
cycloheptapeptides with amino acids attached to fatty acids
of a different chain. This chemical structure caused
surfactin to be amphiphilic and able to mix in both polar
and non-polar solvents, while this amphiphilic structure
allows surfactin to form emulsions. The characteristics of
surfactin were involved in cell attachment and cause
membrane disruption (Chen et al. 2022). The ability of
surfactin to bind Ca?* caused a conformational change in
the peptide cycle and allows it to be incorporated into the
phospholipid bilayer (Khedher et al. 2015, Khedher et al.
2017).

The emulsification activity of B. subtilis BK7.1 in 1-
hour observation tended to decrease compared to 24 hrs
observation. This difference has shown that the emulsion
was unstable because the isolate produces biosurfactants
which act as active surface molecules only in decreasing
surface tension. Based on molecular weight, biosurfactants
have been classified into low and high molecular weight
biosurfactants. Low molecular weight biosurfactants,
including glycolipids, phospholipids, and lipopeptides,
were efficient in reducing surface tension. Meanwhile, high
molecular weight biosurfactants, such as proteins,
lipopolysaccharides, lipoproteins or complex mixtures of
these biopolymers, were more effective in stabilizing oil-
in-water emulsions as emulsifiers (Uzoigwe et al. 2015).
This result was supported by the fact that the biosurfactant
produced by B. subtilis 21332 has shown high
emulsification activity values on glucose substrates up to
55.2% (Zhu et al. 2016). In contrast to the reported that
value of the emulsification activity of B. subtilis 573 to
27.1%, with the addition of 1% bacterial culture
concentration (Pereira et al. 2013), while in this study, the
addition of 4%. Differences in the addition of culture
affected the activity of biosurfactants produced by bacteria.
The higher the concentration of bacterial culture added to
the media, the density of bacteria in the substrate also
increases and affects the speed of using the available
substrate to produce biosurfactants.

BIODIVERSITAS 24 (3): 1785-1792, March 2023

Bacillus species had srfAA gene, which encodes
phosphopantetheinyl transferase and contributes to the
nonribosomal biosynthesis of surfactin (Plaza et al. 2015).
The nonribosomal peptide synthetase complex was coded
by srfAA and srfAD gene known as surfactin synthetase.
The srfAA and srfAD genes have contributed to the control
of surfactin biosynthesis gene expression. The 4-
phosphopantetheinyl transferase was an activating enzyme
for the srfA multienzyme complex. The srfAA, srfAB,
srfAC, and srfAD genes were involved in the assembly of
heptamodular non-ribosomal peptide (NPRS) synthesis in
which the modular enzyme contains a typical N-terminal in
the CLP-BGCs domain and acylates the first amino acid,
glutamine with various 3-OH fatty acids derived from of
primary metabolism (Théatre et al. 2021). The surfactin
gene transformed surfactin synthetase into an active form.
The production of biosurfactants especially surfactin, that
have Bacillus influenced by srfAA and srfAD gene (Plaza et
al. 2015). Table 3 showed that the similarity results have a
value of 91.04%, because there were several differences in
amino acids possessed by B. subtilis BK 7.1 and other
strains of B. subtilis. The presence of gene diversity could
cause this even in the same B. subtilis group.

The results of this study have also reported that there
are differences in the production of biosurfactants. The
higher emulsification activity from B. subtilis 573 to 48.4%
(Pereira et al. 2013), B. subtilis 21332 up to 55.2% (Zhu et
al. 2016), and B. subtilis N3-4P up to 38.3% (Zhu et al.
2016) on mineral salt media containing using different
carbon sources than glycerol. The production of
biosurfactant by Bacillus nealsonii S2M in glycerol
substrate has been able to emulsify various hydrocarbons in
55% (Phulpoto et al. 2020).

Biosurfactant production of B. subtilis BK7.1 observed
through surface tension values is shown in Fig. 6d. Glucose
and sucrose substrates have been reported as the best
carbon sources for the biosurfactant production process by
the Bacillus group (Abdel-Mawgoud et al. 2008). B.
subtilis BK7.1 reduced the surface tension up to 51.47
mN/m at 48 h incubation. B. subtilis B30, in 2% glucose
substrate has the lowest surface tension value (25.56
mN/m) (Al-Wabhaibi et al. 2014). The difference in surface
tension reduction was caused by different species and
strains of bacteria, as well as the level of their ability to
utilize wvarious substrates. Variations in nucleotide
sequences between bacteria species affected the formation
of biosurfactant biosynthetic genes.

On the glycerol substrate, B. subtilis BK7.1 has reduced
the surface tension to 53.67 mN/m at 48 h, 42.01 at 96 h,
and 54.36 at 72 h incubation, respectively. B. subtilis N3-
4P has grown better on glycerol substrate than glucose,
hexadecane, and diesel. This B. subtilis N3-4P decreased
the surface tension to 27.8 mN/m on glycerol substrate
(Zhu et al. 2016). The same has been reported that the
difference in the value of the decrease in surface tension by
B. subtilis 309, B. subtilis 311, and B. subtilis 573 on
glycerol and glucose substrates, with the value of the
decrease in surface tension on glycerol substrates 29.7,
30.1, and 29.9 mN/m, but on glucose substrates 29.2, 29.0,
and 29.5 mN/m, respectively (Pereira et al. 2013).
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The value of the surface tension of B. subtilis BK7.1, on
molasses substrate, was 45.91 mN/m. B. subtilis SNW3 on
molasses substrate was able to reduce the surface tension
up to 41 mN/m (Umar et al. 2021), B. subtilis ATCC 6633
up to 30.48 mN/m (Kashkouli et al. 2011), and B. subtilis
RSL-2 up to 24.09 mN/m (Verma et al. 2020). This
difference has been due to the influence of various
concentrations of molasses substrate, B. subtilis BK7.1
used 2% molasses, B. subtilis ATCC 6633 used 3%
molasses (Kashkouli et al. 2011), and B. subtilis RSL-2
used 5% molasses (Verma et al. 2020). In addition, the
efficiency of biosurfactant production by B. subtilis 3KP
with molasses substrate was influenced by the instability of
the biosurfactant product. Differences in composition and
nutrient content in molasses, suspected related to the
processing of sugar from the molasses (Ni’matuzahroh et
al. 2017). The difference in sugar content of molasses as
the main carbon source for the growth of B. subtilis 3KP
bacteria has affected the productivity of biosurfactant
production (Ni’matuzahroh et al. 2017).

Indigenous entomopathogenic B. subtilis BK7.1
isolated from Baluran National Park, East Java, Indonesia,
98.68% similarity to B. subtilis subsp. inaguosorum strain
BGSC 3A28. The results of screening for biosurfactant
activity showed positive hemolytic activity, decreased
surface tension, and increased emulsification activity. The
srfAA and srfAD genes were detected encoding surfactin,
which has the capacity for biosurfactant production on
various glucose, glycerol, and molasses substrates. B.
subtilis BK7.1 produced biosurfactant, the potential to
develop for environmentally friendly biocontrol agent for
biopesticides in agriculture and disease vector control in
public health. Therefore, this research needs to be followed
up to detect the chemical components of biosurfactants
produced by these bacteria.
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